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(54) Polyoxyallcylene monoaikyi ether and polymerisabie derivatives thereof 



(57) A potyoxyalkytene monoaikyi ether which 
gives, in gel permeation chromatogrqshy, a chromato- 
gram which satisfies a relation expressed by an equa- 
tion: Si/So ^ 0.15 wherein S^ represents the area under 
a portion of the chrpmatogram from the start of elution 
to the earliest elu^on time when the Intensity of the 
riefractiye Ihdex has 9 value of U3, L representing the 
shortest distEUice between ttie greatest maximum point 
of the hterisity of the refractive index arxJ the base line 
and So represents the area under a portion of the chro- 
matogram from the start of elution to an elution time 
when the intensity of the refractive index has the great- 
est maxinuim value; a process for producing the above 
ether comprising adjusting the content of water in a 
reactor, which is used in addition polymerization of 
all^len^ oxides with addition to a monohydric alcohol, 
so as to satisfy an equation: VVix (Cf-CI)A^ s 10, 
wherein the content of water in the reactor is obtained 
by placing a solvent having a content of water Ci (ppm) 
in ^n amount VVi (g) in the reactor having an inner vol- 
ume V (ml), stirring the solvent to clean the reactor, 
removing the solvent from the reactor and obtaining a 
content of water Of (ppm) in the removed solvent; a 
polymerizable derivative of the above ether; a polymer 
of this derivative, and a dispersant comprising tNs poly- 
mer. 

A hi^h purity polyoxyall^ene monoaikyi ether can 
be otitained and the dispersant comprising the polymer 
derived from this ether have an excellent dispersing 



property. 
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Descrlpiion 

BACKGROUhH) OF THE INVENTKDN 
Reld of the Invention 

[0001] The present mvenrtion relates to a polyoxyalkylene monoalkyi ether, a process ibr producing the polyoxy- 
alkyterie monoalM ©ther, a polymeiizable polyoxyalkylene monoalkyi ether derivative, a polymer of the derivative and 
a dispersant comprising the polymer. More particularly, the present invention relates to a high purity polyoxyalkylene 
monoalkyi ether whk;h does not contain bHunctional alcohol compounds, a process for producing the polyoxyalkylene 
monoallQrl ether, a pclymerizable potyoxyalkylene monoalkyi ether deri^mtive prepared lay using the polyooeyall^ene 
monoalkyi ether e» a rawr material, a polynoer of the derivative, and a cfispersant comprising the polymer and having an 
excellent dispersing property. 

Description of the Related Arts 

[<KXI2] Pdymerizabte potyoxyalkylene monoalkyi ether derivatives have recently been developed and polymers and 
copolymers prepared from these derivatives used as monomers arxl other monomers have also been developed. How- 
ever, the polymers and the copolymers prepared ftrom such polyoxyalkylene morK>alkyl ethers used as monomers occa- 
sionally do not eMtitt the properties expected from the polymers and the copolymers because of a distribution of 
molecular weight broader than expected or formation of gel during polymerization. One of the reasons why these unde- 
sirable phenomena take place is consklered to be the crosslinking reaction of bifurK:tk>nal polyoxyalkylene glycol deriv- 
atives contained in the polymerizable polyoxyalkylene monoalkyi ether derivatives as byproducts. 
[0003] To overcome the above problem, a polymerizable potyoxyalkylene monoalkyi ether derivative which does not 
contain any bifunctk)nal polyoxyalkylene glycol derivatives as byproducts can be used as the monomer. A pdymeriza- 
ble polyoxyalkylene monoalkyi ether derivative may k>e obtained, for example, by using a compound which has a polym- 
erizatDle functional ^roup and to which an alkytene oxide can k>e added as a raw material. In this case, the polymerizat>le 
polyoxyalkylene monoall^ ether derivative of the object compound can be obtavied by adding an alkylene oxide to the 
abo^e compound and reacting an alkyi compound with the formed termral hydroxy! group. However, skie reactions 
such as rearrangement of Ifie polymerizable functional group arxl polymerizatmn of the compound having a polymeriz- 
able function groMp tend to take place In the reaction oondrtfon for addition of the alkylene oxide to the compound having 
a pclymerizable functional group. Side reactions such as polymerization and decomposition of ester portions tend to 
take place in the reactfon condition for fomning an alkyI ether. As the result, compounds different from the object com- 
pourid are frequently obtained. Therefore, to obtain a polymerizable polyoxyall^lene monoalkyi ether derivative, it is 
generally conducted that a polymerizable functional grc»jp is incorporated into a polyoxyalkylene nrtonoalkyl ether. 
[0004] A brfunctional polymerizable polyoxyalkylene glycol derivative which is formed in the preparation of a polym- 
ertz^e polyoxyalkylene monoalkyi ether derivative as a byproduct is derived from a polyaxyalkylene glycol contained 
as a byproduct in a polyoxyalkylene monoalkyi ether used as a raw material of the polymerizable polyoxyalkylene 
nrforioalkyt ether derivative. In other words, when the polymerizable functfonal group is incorporated irrto a polyoxy- 
alkylene monoalkyi ether usnng, as the raw material, a polyoxyalMene monoalkyi ether containing a polyoxyalkylene 
glycol as a byproduct, a polymerizable potyoxyalkylene glycol derivative having two polymerizable functional groups at 
the both end portions corresponcfing to the portions of the hydroxyl group In the polyoxyatkytene glycol is formed as a 
byproduct along with the monofunctional polymerizable polyoxyalkylene monoalkyi ether derivative of the object com- 
pound because the polymerizable functk)nal group is IrKorporated irrto the portion of the hydroxyl ^oup. Therefore, a 
polymerizable polyoxyalkylene monoalkyi ether derivative whk:h does not contain any polymerizable polyoxyalkylene 
glycol derivatives having two polymerizable functional groups can be obtained when the used polyoxyalkylene 
nxnioalkyl ether does rwt contain any polyoxyalkylene glycols as byproducts. 

[0005] A polyoxyall^ene monoaBqrt ether Is produced by direct addition of an alkylene (xMe to a nrxNiohydric alcohol 
used as a raw material in the presence of an alkali catalyst or an add catalyst. It is known that a pluralrty of byproducts 
are formed in this reaction dependir^ on the condition of production (Yoshihiko Oshima and Toshiyasu Mizutani, Toso 
Kogaku (Coating Engineering), VWume 22, Pages 397 to 403, 1987). For example, when an alkytene oxkJe is added to 
a mohohydric alcohol using a hydronde of an alkali metal or an alkaline earth metal as the catalyst or when an alkylene 
oxkle is added to a monohyifrk: ak»hol m the condition that water is present in a reactor, water and the alkytene oxide 
react to form a btfunctfonal ^cd and further adcKtion <rf the alkylene oxide to the formed brfunctional glycol takes place. 
As the result, polyoxyalkylene glycds wNch are dihydric alcohol compounds are formed as byproducts atong witii a 
polyoxyalkylene monoall^ ether which is a monohytftic alcohol compound. It is not easy to selectively separate a poly- 
oxyattcylene monoalkyi ether from a mixture of the polyoxyalkyl^e monoalkyi ether and byproducts. The separation of 
the materials in large amounts is particularty dNfkailt. Moreover, it is often difficult to determine the content of polyoxy- 
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alkylene glycols in a mixture wHh a polyoxyalkylene monoalkyi ether. Therefore, H is often difficu« to decide whether an 
Qv^lable polyoxyalkylene monoalkyl ether is suitable as the raw material for a polymerizable polyoxyalkylene manoalkyi 
ether denvative or not. Naturally, it is also difficult to determine the content of bifunctional polymerizable polyoxyalkylene 
glycol denvatives m a polymerizable polyoxyalkylene monoalkyl ether derivative obtained by using the above ether as 
the raw material. 



SUMMARY OF THE INVENTION 



[0006] An object of the present invention is to provide a high purity polyoxyalkylene monoalkyl ether which contains 
almost no dihydric alcohol compounds, a process for producing the polyoxyalkylene monoalkyl ether, a polymerizable 
polyoxyalkylene monoalkyl ether derivative prepared by using the polyoxyalkylene monoalkyl ether as a raw material a 
PQlymer of the derivative and a dispersant comprising the polymer and having an excellent dispersing property. 
t9?971 To overcome the a>)ove problems, intensive stiKfies were conducted by the present inventors with Rarticular 
attention paid to the fact that a polyoxyalkylene glycol is a dihydric alcohol conpound in contrast to a pplyoxyalMene 
monoalkyl ether which is a monohydric alcohol compound and that, when an alkylene oxide is added to a system in 
)n(hich these two compounds are present together, the number of molecules whfeh can be added to the polyoxyalkylene 
glycol Is th^retically twice thQ corresponding number added to the polyoxyalkylene monoalkyl ether. As the result it 
was found tfial, ^hen a polymerizable polyoxyalkylene monoalkyl ether derivative is obtained by using as a raw mate- 
rial, a polyoxyalkylene monoalkyl ether which gave a chromatogram having a specific distribution in'gel permeation 
chromatography and incorporating a polymerizable functional groip into this polyoxyalkylene monoalkyl ether the 
ob^ined polymerizable polyoxyalkylene monoalkyl ether derivative showed iittie trouble caused by a bifunctional 
polymerizable polyoxyalkylene glycol. The present invention has been completed on the basis of this knowledoe 
[0008] Accordingly, the present invention provkJes: 

25 (1) A pdyoxyallQflene monoalkyl ether r^resented by formula [1]: 

R^O(AO)„H j^j 

wherein represents a hydrocartDon group having 1 to 18 cafbon atoms, AO represents an oxyalkylene group 
having 2 to 4 carbon atoms, n represents an average number of addition of tiie oxyalkylene group ykfhich is 5 to 500 
a plurality of AO may represent the sanrie type of oxyalkylene group or different types of Q>^yalkylene groups and 
y»/hen ttie plurality off AO represent different types of oxyalkylene groups, the different types of Q»ralkylene grouo^ 
m^y be arranged randomly or in blocks, • ' ^ - 

wh^efri a chromatogram of the polyoxyalkylene monoalkyl ether obtained in accordance with gel permea- 
tion dyom^tography which exhibits a relation between an intensity of a refractive index obtained by a differential 
refractopiieler arwl an elutlon time satisfies a relation expressed ^ 

S^/S 0^0.15 

wh^an Si represents an area under a portion of tiie chromatogram from start off elution to an eariiest elution time 
when the inf^ity of a refractive index has ^ value of U3, L representing a shortest distance beby^en a greatest 
m^mum point of tiie int^sity off a refiractive Index and a base line, and Sq represents an area under a portion of 
me chronratogram from start of elution to an elution time when the intensity of a refractive index has the areatest 
maximum value; . , ? w 

(2) A process tor producing a polyoxyalkylene monoalkyl ether descried in (1) composing adjusting a content of 
water in a reactor, which is used in addition polymerization of alkylene oxkles having 2 to 4 carbon atoms with addi- 
tion to a monohydric alcohol, so as to satisfy equation (B): 



Content off water in ttie reactor = Wi x (Cf-CO/V s 10 



(B) 



wherein ttie content of water In the reactor Is obtained by placing a solvent having a content of water CI (ppm) in an 
amount Wi (g) in ttie reactor having an inner volume V (ml), stining tiie solvent in ttie reactor to dean ttie reactor 
removing the solvent Msed for the cleaning from ttie reactor and obtaining a content of water Cf foom) In ttie 
removed solvent; y'' . 

(3) A polymerizable polyoxyalkylene monoalkyl ettier derivative prepared by using a poiyoxyalMene monoalkyl 
etiier described in (1) as a raw material and represented by formula [2]: 

R10(A0)„r2 
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wherein represents a hydrocarbon group having 1 to 18 carbon atoms, represents an unsaturated hydrocar- 
bon group having 2 to 4 caibon atoms, AO represents an oxyalkylene group having 2 to 4 carbon atonns, n rqf>re- 
senls an average number of addition of the oxyalkylene group which is 5 to 500, a plurality of AO may represent the 
same type of oxyalkylene group or different ^es of oxyall^ene groups and. when the plurality of AO represent 
5 different types of oxyall^ene groups, the different types of oxyalkylene groups may be arranged randomly or in 
btocks; 

(4) A polymerizable polyoxyalkylene nwioalkyi ether derivative prepared by using a potyoxyalkylene nrK>noalkyl 
ether described in (1) as a raw material and represented by formula [3]: 

10 RiO(AO)nR3 [3] 

wherein R"^ represents a hydrocarbon group having 1 to 18 carbon atoms, represents acryloyi group or meth- 
adrytoyl group. AO represents an oxyalkylene groijp having 2 to 4 carbon atoms, n represents an average number 
of addition of the oxyalkylene group which is 5 to 500, a plurality of AO may represent the same type of oxyalkylene 
75 group or different types of oxyalkylene groups and, when the plurality of AO represent different types of oxyalkylene 
groups, the cfifferent types of oxyalkylene groups may be anranged randomly or in blocks; 

(5) A homcpolymer whk^h is obtained by polymerizatkm of a polymerizable polyoxyalkylene monoalM ether deriv- 
ative represented formula [3] described in (4) and has a molecular weight of 1 .000 to 300.000; 

(is) A copolymer which is obtained by copoiymerization of 5 to 95% by mol of a polymertzafc>le polyoxyalkylene 
20 monoalM ether derivative represented by formula [2] described In (3) and 95 to 5% by mol of a monomer copoly- 
rherizable with the polymerizak>le polycx^ilkylene nionoalkyi ether derivative and has a molecular weight of 500 to 
100,000; 

(7) A cc^Mlymer according to (6), wherein R^ in formula [2] representing the polymerizable polyoxyalkylene 
nrudnoalkyl ether derivative represents an unsaturated hydrocart>on group having 3 to 4 carbon atones and the mon- 

25 omer copolymerizable with the polymerizable polyoxyalkylene monoalkyi ether derivative is an unsatorated cartxnc- 
ylic add; 

(8) A copolymer which is obtained by copoiymertzation of 5 to 95% by mol of a polymerizafcrfe polyoxyalMene 
rrk^noaH^ ether derhetive represented by fbrnnula [3] descra>ed in (4) and 95 to 5% by mol of a mononrter copoly- 
merizak>le with tfie poiymerizak)le poiyoxyalkytene monoalkyi ether derivative and has a molecular weight of 500 to 

30 100.000; 

(9) A copolymer according to (8), wherein the monomer copolymerizable with the polymerizable polyoxyalkylene 
monoalkyi ether derivative represerYted by fbrmuia [3] is an unsaturated caiboxytic ackJ; arxi 

(10) A dispersant comprising a copolymer descrilDed ri any of (6). (7). (8) and (9). 

35 BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] 

;l-f : 

Figure 1 shows a model chart of the chromatogram of a polyoxyalkylene monoaD^t ether obtained in accordance 
40 with gel permeatton chromatography. 

Figure 2 shows a chromatogram of polyoxyethylene monomethyl ether obtanied in Example 1 of tfie present Inven- 
tion. 

Figure 3 shows a chromatogram of polyoxyethylene monomethyl ether obtained in Example 2 of the present inven- 
tion. 

45 Rgure 4 shows a chromatogram of conventional potyoxyelfiylene monomethyl ether obtained in Comparative 
Example 1. 

Rgure 5 shows a chromatogram of commercial polyoxyethylene monomethyl ether used in Comparative Example 
2. 

Figure 6 shows a chromatogram of polyoxyet^ene monomethyl ether ol^nained in Example 7 of the present inven- 
60 tion. 

Figure 7 shows a chromatogram of potyoxypropytene monostearyt ether obtained in Example 8 of the present 
invention. 

Figure 8 shows a chronoatogram of potyoxypropyieneoKybutylene nrx>rK)butyl ether obtained in Example 9 of ttie 
present invention. 

65 Rgure 9 shows a chromatogram of polyoxyethyleneoxypropylene monomethyl etfier obtained in Example 1 0 of the 
present invention. 

Figure 10 sfK3ws a chromatogram of conventional polyoxyethylene monomethyl ether obtained in Comparative 
Example 3. 
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Figure 11 shows a chromatogram of conventional polyoxyelhylene monomethyl ether obtained in Comparative 
Example 4. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[OOTO] The polyoxyalkytene monoalkyl ether of the present Invention is a compound represented by formula [1]: 

R^O(AO)nH [Ij 

In formula [1], R^ represents a hydrocarbon group having 1 to 18 carbon atoms. AO represents an oxyafkylene group 
having 2 to 4 cart>pn atoms, n represents an average number of addition of the oxyalkylene group which is 5 to 500 a 
plurality of AO may represent the same type of oxyalkylene group or different types of oxyalkylene groups and when 
the plurality of AO represent different types of oxyalMene groups, the different types of oxyalkylene grouos mav be 
arranged randomly or in blocks. ' » 7 

IS [001 1] Examples of the hydrocarbon group having 1 to 18 carbon atoms which is represented by R^ in fomiula [1] 
include methyl group, ethyl group, propyl group, isopropyi group, butyl groip. Isobutyl group, sec-butyl group, tert-butyl 
group, pentyf group, isopentyl group, neopentyl group, hexyl group, heptyl group, octyl group, nonyl group, decyl group 
undecyl group, dodecyl group, tridecyl group, tetradecyl group, pentadecyl group, hexadecyl ^oup. heptadecyl group' 
octedecyl group, cydohexyl group, phenyl group and benzyl group. Among these groups. hydrocartX)n droups havino 1 
20 to 4 carbon atoms are preferable. ^ 

[0012] Examples of the oxyalkylene group having 2 to 4 carbon atoms which Is represented by AO in fomiula [11 
irx^iKie oxyethylene group, oxypropylene group, oxybutylene group and oxytetramethylene grot|x Among these groups 
Q)cyethylene group, oxypropylene group and oxybutylene group are preferable. In fomiula [1], a plurality of AO may rep^ 
resent the same type of oxyalMene group or different types of oxyalkylene groups and. when the plurality of AO repre- 
ss sent cfifferent types of oxyalkylene groups, the different types of oxyalkylene grotps may be ananged randomly or in 
WQpks. n represents an average number of additfon of the oxyalkylene group which is 5 to 500 and preferably 1 0 to 300 
When the nun*er represented by n is less than 5. there is the possibility that a dispersant obtained by using the poly- 
oxyalkyler^ monoalkyl ether as a starting raw material does not exhibit suff ident dispercing property. When the number 
represented by ri exceeds 500. there is the possibility that viscosity is excessively high to cause drffkjulty in handling 
[001 3] The chromatogram of the polyoxyalkylene monoalkyl ether obtained in accordance with gel permeation chro- 
matography which exhibits a relation between an intensity of a refractive index obtained by a differential r^ctometer 
and an elutfon time satisfies a relatfon expressed t)y equation (A): 

Si/So ^0.15 

wherein Si represents the area under the portion of the chromatogram from the start of elution to the earliest elution 
time when the Intensity of the refractive index has the value of L/3. L representing the shortest ^stance betwe^ the 
greatest maximum point of the Iritensity of the refractive index and the base line, and Sq represerjte the area under the 
portion of the chronnatogram from the start of elution to the elutfon time when tiie intensity c?f the refriictive inc|6x has 
the greatest nwimum value. In the computation of the above value, peaks derived from a developing solution and tfie 
Uke used in the gel permeation chromatography and pseudo-peaks due to fluctuation of the base line caused by the 
i^ecj cplurnn and apparatus are exdiided and peaks derived from tiie polyoxyalkylene monoalkyl ether algne are taken 
ir^o the comput^tfon. * * ^m-^^ 

IW4] Figure i shows a model chart of tiie chromatogram of polyoxyalkylene monoalkyl ether obtained in accwdance 
yifith gel penmeation chromatography. The abscissa shows tiie elution time and the ordinate shows tfie intensity of the 
refractive index, i.e., the intensity showing tiie amount of the eluent on ttie basis of the refractive indepc which is 
obtained by a differential refractometer. When a sample is Injected into tiie gel permeation chromatograph and deyel- 
oped, elqtion t)egins at ttie point A with elution of molecules having ttie highest molecular weight and tiie elution cun^e 
goes upvyard as tiie intensity of ttie refractive index increases. Then, the elution curve passes tiirough tiie maximum 
point of the iritensity of ttie refractive index where ttie intensity of ttie refractive index becomes tiie maximum and 
declines. When considerable amounts of Impurities are contained In fractions of higher molecular weights or in fractions 
of tower molecular weights, ottier maximum points of the intensity of tii^ refractive index occasionally appe^u- in addition 
to tiie above maximum point showing the greatest maximum intensity of the refractive index. The shortest di^nce 
between ttie greatest maximum point of the intensity of tfie refractive Index and tiie base line is obtained and r€pr&. 
senled by L Based on the obtained value of U U3 is calculated and ttie earfiest elution time B when tfie intenaty of ttie 
refractive index has a value of L/3 is obtained. The area under ttie portion of the elution curve from the start of the elu- 
tion A to ttie time P when ttie intensity of the refractive index shows the greatest maximuni value is represented by Sq 
and ttie area under tiie portion of the elutfon curve from ttie start of ttie elution A to ttie earliest elution tirrie 3 when tfie 



30 



35 



40 



45 



SO 



66 



5 



EP 0 965 605 A2 



intensity of the refractive index becomes U3 is represented by . In the polyoxyalkylene monoatkyi ether of the present 
invention, the ratio of St to Sq, le., St/So. fe 0.15 or less and preferably 0.12 or less. When S^So exceeds 0.15, the 
content of a polyoxyalkylene glycol in the polyoxyalkylene monoalkyi ether is great and there is the possibility that the 
dispiiersant obtained by using the polyoDcyalkylene monoalkyi ether as the starting raw material does not exWbit a suffi- 
cient dispersing property. 

[Q015] As the value of S^/Sq increases, viscosities of a polyoxyalkylene monoalcyl ether, a pdymerizable polyoxy- 
alkylene monoatkyi ether cterivative obtained by incorporating a polymerizable functional group irrto the ether and poly- 
mer^ obtained by polymerization of the derivative (a homopolymer and copolymers) increase due to bifunctional 
pdyheirizable polyoxyalkytene glycol derTOtive6.V^ exceeds0,15, there is the possft>ilily that the 

dispersant obtained by using the polynner does not exhibit a sufficient dispersing property. When the value of S^/Sq is 
smaller, the increase in the viscosrHes due to bifunctional polymerizable po{yoxyaS<ylene glycol derivatives takes place 
less markedly. When the value of St/So is less than 0. 15 and preferably less than 0.12. the dispersant obtained by using 
the polynr»er exhibits the proper excellent disperang property. 

[0016] In the present invention, the gel permeation chromatography used for obtaining the area Sq and the area 
is not particularly limited. For example, SHODEX QPC SYSTEM-1 1 may be used as the QPC system, SHODEX RI-71 
may be used as the differential refractometer and 3 columns of SHODEX KF804L may be connected in series and used 
as the column. The temperature of the column may be set at 40»C and tetrahydrofuran maf be used as the developing 
solvent The devetopingsohfent may be introduced at a rate of 1 ml/mlnute and 0.1 ml of a sample solutkxi having a 
sample concentration of 0.1% by weight may be injected A chromatogram stowing the relation between the intensity 
of IhB refractive index and the ehition time may be ofcteined using a BORWIN GPC computatwn program. 
[0017] The polyaxyalkyfene monoalkyi ether of the present Invention can be easHy produced when the content of 
wat^r In a reactor, which is used in adcfition polymerization of alkylene oxkies havmg 2 to 4 carbon atoms with additfon 
to a monohydric ateohol. is adjusted so as to satisfy equation (B): 

Content of water In the reactor = Wt x (Cf-Ci)/V £ 1 0 (B) 
wherein the content of water in the reactor is obtained by placing a solvent 

[0018] having a contern of water a 03pm) in an amount Wi (g) in the reartor having an Inner volume V (ml), stln^ing 
the ^ivent in the reactor to clean the reactor, removing the solvent used for the cleaning from the reactor and obtaining 
a content of water Cf (ppm) In the removed solvent The content of water In the reactor Is 10 or less as shown In the 
at)ove equation arKi preferably 8 or less. 

[0019] The content of water in the solverrt is measured in advance in accordance with the KarKFischer method or the 
like sina the solvent is placed into the reactor for the addition reaction of alkylene oxides. The solvent used is not partic- 
ularly Smited. Examples of the solvent Include acetone and acetonitrile. The reactor is sealed and the inside of the reac- 
tor is cleaned with the solvent at the ordinary pressure or an added pressure at a temperature betow or above the 
boiling point of the solvent, where necessary. After the cleaning is completed, the solvent in the reactor is carefully 
removed and the c«)ntent of water in the removed solvent is measured In accordance with the Karl-Rscher method or 
the lika Using the inner volume of the reactor V (mO, the weight of the used solvent Wi (g), the content of water before 
the cleaning Ci (ppm) arwl the content of water after the cleaning Cf (ppm), the content of water in the reactor can be 
obtained in accordance with equation (B). 

[OOM] The polyoxyalkylene monoaB«yl ^er having the S^/Sq value of 0. 15 or less of the present invention can t>e 
produced, for example, in accordance with the following process. Before the reactfon. the inskle of the reactor is 
cleaned with an aqueous solvent having a relatively low boiling point such as methanol^ ethand, isopropanol, acetone, 
methyl ethyl ketone and acetonitrile or a solvent tonming an azeotrope with water such as benzene and toluene iri 
advance and dried in the conditfon of 50 to 150»C at 100 Ton^ or less to remove water in the reactor to the outskf e of the 
system. Then, a solvent is placed into the reactor and stinted to clean the reactor. The amount of the solvent used for 
the cleaning and the contents cf water an the solvent before and after the deantng are measured. The content of water 
in the reactor is obtained to accordance with eqiiatton (B) and It Is conlinrned that the ^ 
10 or less. 

[0021 ] It Is preferable that a monohydric alcoM conpound used as the starting raw material contains water in an 
amount as small as possible. When the monohydrfo alcohol used as the starting raw material can be distilled without 
forming an azeotrope with water, the ateohol is refluxed after additton of a drying agent such as sodium, potassium, 
sodium hydride and magnesium, distilted to remove water and added to the reactor to combmation with an alkali cata- 
lyst excluding hydroxides of alkali melals and alkaltoe earth metals. When the afoohol used as the raw material and the 
aB^ catalyst is placed into the reactor, it is necessary that a sufficient care be taken not to contanvnate the reactor with 
water. 

[0022] When the monohycttc afoohd used as the raw nriaterial has a high boiling point and the distillation is difficult, 
water contained in the monohydric alcohol can be removed by placing a solvent tonming an azeotrope with water such 
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as toluene Into the reactor in combination with the nrxMiohydric alcohol, treating the content at a reduced pressure In the 
condition <rf 50 to 150'C at 200 Torr or less in an atmosphere of dry nitrogen gas for 1 hour or more and remowng the 
used soivent An alkali catalyst excluding hydroxides of alkali metals and alkaline earth mkals is then added into the 
reactor with a sufficient care not to contaminate the reactor with water. After the pressure inside the reactor is raised 
5 with dry nitrogen gas, dry alkylene oxides are continuously added to the reactor at 50 to 1 SO^'C to carry out the addition 
polymerization. It Is pr^erable that the alkylene oxides having 2 to 4 carbon atoms which are starting raw materials and 
used for addition polymerizatiori with addition to the monohydric alcohol contain water in an amount as small as possi- 
ble. Naturally, it is important that a sufficient care be taken not to contaminate the reactor with water when the alkylene 
oxides having 2 to 4 cait>on atoms are added to the reactor. 
10 [0023] Examples of the alkali catalyst excluding hydroxides of alkali metals and alkaline earth metals which is used 
as ^e catalyst for the addition reactton of the alkylene oxide include sodium, potassium, sodium-potassium amalgam, 
sodium hydride, sodium methoxide, potassium methoxide. sodium ethoxide and potassium ethoxide. A methanol solu- 
tior^ of sodium methoxide and an ethanol solution of sodium ethoxide can also be used. 

10024] Besides the above alkali catalyst, a Lewis add catalyst such as boron trif luoride and tin tetrachloride may also 
IS be used in the addition reaction of the alkylene oxide. However, when a compound having a high mcrfecular weight Is 
prepared using an add catalyst, there is the possibility that cydic monomers such as 1 .4-diQxane and cydic poly^thers 
are formed as byproducts and obtaining a compound having a desired purity becomes difficult 
[0025] The first embodiment of the polymerizable polyoxyalkylene monoalM ether derivative of the present invention 
is a oqmpound represented tyy formula [2]: 

so 

R^O{AO)„r2 (2] 

In fbrmijia [2], represents a hydrocarbon group having 1 to 18 carbon atoms, r2 represents an unsaturated hydro- 
c^rtjon group having 2 to 4 carbon atoms, n represents the average number of addition of the oxyalkylene group which 
is 5 to 500, a pliirality of AO may represent the same type of oxyalkylene group or different types of oxyalkylene groips 
^nd, when the plurality of AO represent different types of oxyalkylene groups, the different types of oxyalkylene grouDs 
may be arranged rarxlofrty or in blocks. 

[0026] Examples of the hydrocarbon group having 1 to 18 carbon atoms which Is represented by R^ in formula [21 
indud0 m^yl group, ethyl group, propyl group, isopropyl group, butyl group, isobutyl group, sec-butyl groups tert-txityl 
group, pentyl group, isopentyl group, neopentyl group, hexyl groupt heptyl group, octyl group, nonyl groi». clecyl group 
ui^^cyl group, dodecyl group, tridecyl group, tetradecyl group, pentadecyl group, hexadecyt groi^. heptadecyl group* ' 
octedecyl group, cydohexyl group, phenyl group arxJ benzyl group. Among these groups, hydrocaitjon groups hawno 1 
to 4 carbon atoms are preferable. ^ 
[0027] Examples of the unsaturated hydrocart>on group having 2 to 4 cartjon atoms which is represented by R^ in 
formula [2] include vinyl group, allyl group, isopropenyl group. 1-propenyl group, methallyl group and 3^enyl group 
Among these groups, unsaturated hydrocarbon groups having 3 or 4 carbon atoms are preferable. Ailyl group and 
methallyl group are more preferable due to easiness of incorporation Into the compound represented by fomiuja [11 and 
a suitatrfe reactivity of polymerization. ' * ' ■ 

[0b28] Examples of the oxyalkylene groi^j having 2 to 4 carbon atoms whfch is represented by AO in fonnula [2J 
indude oxyethylene gn)up,^Gxypropytene group, axybutylene group and oxytetramethylene group, fri ibrmul^ [2]. a pju- 
rality of AO may represent the same type of oxyalkylene group or different types of oxyalkylene groups and, when the 
plurality qf AO represent different types of oxyall^ene groups, the different types of oxyalkylene groin's may be 
arranged randomly or in Uocte. n reryesents the average iiumber of addition of the oxyalkylene groi^ w(iiGh is 5 to 500 
and preferably 10 to 300. When ttie number repressed by n Is less than 5. there is the possibility that the dispersant 
46 obtained by using the polyoxyalkylene monoalkyi ether as a starting raw material does not exhibit sufficient dispersing 
property. When the number represented by n exceeds 500. there is the possibaity that viscosity is eo^ssively high to 
cause difficulty in handling. ^ w , 

[0029] The polymerizable polyoxyalkylene monoalkyi ether derivative represented by formula [2] of the present Inven- 
tion is produced using the polyoxyalkylene monoalkyi ether which is represented by formula [1] and satisfies the relation 
60 expressed by equation (A): 



26 



30 



36 



40 



S,/SoS0.15 

in the chromatogram obtained by the measurement of the gel permeation chromatography. The method of incorporating 
the unsaturated hydrocarbon group represented by is not particularly limited. The unsatturated group can be incor- 
porated into the compound represented by formula [2], for example, by adding an hydroxide of ap alkali metal such as 
sodium hydroxide and potassium hydroxkie to a polyoxyalkylene monoalkyi ether and then formir^ ^n ether by r^s^n 
with a monohatogenated unsaturated hydrocarbon such as ailyl chlorkJe. allyl bromide, allyl iodide, methallyl chloride 
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and methaltyl bromide. 

[OOSO] The second ennbodiment of the polymeriz^e polyoxyalMene monoalKyI ether derivative of the present inven- 
tion IS a compound represented by formula f^]: 

R^0(A0)nR3 131 

In fomwJa [3J, R"* represents a hydrocarbon group having 1 to 18 carioon atoms, represerYts acryloyt group or meth- 
acryioyi groufx n represents the average number of addition of the oxyalkylene group which is 5 to 500, a plurality of AO 
may represent the same type of oxyalkylene group or cKff erent types of oxyalkylene groups and. when the plurality of 
AO represent drfterent types of oxyalkylene groups, the different types of oxyalkylene groups may be arranged ran- 
domly or ^ bfocks. 

[0031] Examples of the hydrocariaon groi^ having 1 to 18 carbon atoms which is represented by in formula [3J 
include methyl group, ethyl group, propyl group, isopropyl group, txrtyl group, isobutyl group, sec-butyl group, tert-butyl 
group, pentyl group, isopentyf group, neopentyl group, hexyl group, heptyl group, octyl group, nonyl groip, decyl group, 
undecyl group, dodecyl group, tridecyl group, tetradecyl group, pentadecyl group, hexadecyl group, heptadecyl group, 
octadecyl grou|X cydohexyl group, phenyl group and benzyl group. Among these groups, hy^ocart>on groups having 1 
to 4 carbon atoms are pr^rable. 

[0032] Examples of the oxyall^ene group having 2 to 4 carbon atoms which ks represented by AO in formula [3] 
include oxyethyiene grouy^ oxypropylene group, oxytxitylene group and oxytetramethylene groi^. In formula [3], a plu- 
rality of AO may represent the same type of oxyalMen© group or different types of oxyalkylene groups and. when the 
plurality of AD represent different types of oxyalkylene groups, the different types of oxyalkylene groups may be 
arranged randomly or in blocks, n represents the average number of addition of the oxyalkylene group which is 5 to 500 
and preferably 10 to 300. When the number represented by n is less than 5. there is the possibility that the dispersant 
obtained by using the polyoxyalkylene monoalM ether as a starting raw material does not ©cNbit sufficient dispersing 
property. When the nimnber represented by n exceeds 500. there is the possibility that viscosity is excessively high to 
cause diff k%ilty in handling. 

[0033] The polynFienzable polyoxyatMene monoalkyt ether derivalive represented by formula [3] of the present inven- 
tfon 1^ produced using the pofyoixyalkylene monoalkyt ether which is represented by formiria [1] and satisfies the relation 
expressed by equation (A): 

S^/Sq^O.IS (A) 

in the chromalogram obtained by the measurement of the gel penmeation chromatography. The method of incorporating 
acryioyi group or methacrytoyi ^oup represented by R^ is not partkajlarly Kmited. AcrytoyI group or melhacryfoyt group 
can be incorporated, for example, by adding a catalyst such as p-tohienesulfonk; add monohydrate to a polyoxy- 
alkylene monoalkyi ether and then conducting the esterfffoation with acrylic acki or methacrytic acid; by adcfing a cata- 
lyst such as sodium methoxde to a polyoxyaHfylene monoalkyi ether and then conducting transesterificatfon with an 
aM acrylate such as ntdhyl acryiate or an alkyi mettiacrylate such as methyl methacryiate; by reacting a polyoxy- 
alkylene monoalkyi ether wfth acrySc chtoride or methacrytic chkMide; or by reacting a pol^oo^l^lene monoaOcyl ether 
with acrylk; anhydride ornn^acryBc aihydrkia 

[0034] The polymer of the present Invention is a copolymer of 5 to 95% by rnol of the potymerizable polyoxyalkylene 
monoalkyi ether derivative represented by formula [2] and 95 to 5% by mol of a monomer copolymerizable with this 
derivative, a homopolymer of the potymerizable potyoxyalkytene monoalkyi ether derivative represented by formula j^]. 
or a copolymer of 5 to 95% by nK>l of the potymerizable potyoxyalkytene monoalkyi ether derivative represented by for- 
mula [3]and951o5%bymolora monomer copolymerizable with this derivative. The homopolymer of the potymeriza- 
ble polyoxyalkylene monoaBcyl ether derivative represented by formula [3] has a molecular weight of 1.000 to 300.000 
and preferably 5,000 fo 100,000. The homopolymer may be a homopolymer of a single type of potymerizable polyoxy- 
alkylene monoaBcyl ether derivative or a mixture of homopolymers of two or more types of polymerizabte polyoxy- 
alkylene monoalkyi ether derivatives each represented by formula [3]. 

[0035] The copolymer of 5 to 95% by mol of the potymerizable polyoxyalkylene monoalkyi ether derivative repre- 
sented by formula p] and 95 to 5% by mol of a monomer copolymerizable with this derivative and the copolymer of 5 
to 95% mol of the potyrnerizaUe polyoxyalMene monoalM ether derivative represented by fonmila [3] and 95 to 5% 
by mol of a monomer copolymerizable with this derivative each has a molecular weight of 500 to 100,000 and preferably 
1 ,000 to 50,000. When the molecular weight of the copolymer is less than 500. there is the possbilHy that the dispersant 
comprising the copolymer does not exfubit a suffK^ient dispersing property. When the molecular weight of the copolymer 
exceeds 100,000, there Is the possfoiiity that viscosity Is excessively high to cause difficult in handling. 
[0036] It is more preferable that the cqpolymer of the polymerizatrfe polyoxyalkylene monoalkyi ether derivative rep- 
resented by fonmula [2| is a copolymer of a potymerizable polyoj^lkylene monoalkyt ether derivative represented by 
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formula [2] in which represents an unsaturated hydrocarbon group having 3 or 4 cart)on atoms. When represente 
an unsaturated hydrocart)on group having 3 or 4 cartxin atoms, the derivative has a suitable degree of polymerization 
reactivity and the copolymer can be produced easily. 

[0037] Examples of thei cppolymerizable monomer include unsaturated monocarboxyllc acids such as acrylic acid. 

5 melhacrylic acid and crotonic acid; salts of unsaturated monocarboxylic acids; unsaturated dicarboxylic acids such as 
maleic add, fumaric acid, citraconic acid, mesaconic add and itaconic acid; salts of unsatumted dicarboxylic acids; 
alkyi acrylates such as methyl acrylate, ethyl acrylate and butyl acrylate; alkyi methacrylates such as methyl methacr- 
ylate, ethyl methacrylate and butyl methacrylate; polymerizable aromatic unsaturated compounds s^ch as styrene. p- 
styrenesulfbnic acid and indene; olefins such as Isobutylene and Isoprene; maleimldes such as N-phenylmaleimide and 

10 N-cyclohexylmaleimide; acrylamides; malac anhydride: alkyi esters of maleic acid; vinyl acetate; acrylpnitrile; ailylsul- 
fonip acid; methallylsulfbnic acid: and salts of these compounds. A single type or a con*ination of two or more types of 
the$e mpnonrier^ may be used. Among these monomers, unsaturated monocarboxylic acids, unsaturated dicartx)xylic 
acids and salts of these cartKwylfc ackis are preferably used. Acrylic add, methacrylic acid, maleic add and maleic 
anhydride are more preferably used. 

IS [0038] In the present invention, the molecular weight of the homopolymer of the polymerizable polyoxyalMene 
monoajkyl ether d^yative represented by formula [3] and the copolymer of 5 to 95% by mol of the polymerizable poly- 
Qxyalkyl^ne morw^lHyl ether derivative represented by formula [?] or pj and 95 to 5% by mol of a nxjnomer copplym- 
erlzable with the derivative Is measured in accordance with gel permeation chromatography (hereinafter referred to as 
QPC> ^ weight-average molecular weight is obtained on the basis of the value of polyethylene glycol used as the 
20 rpferenpa 

[0039) The process for producing the polymer of the present Invention is not partfcularly limited. The polymerizablis 
polyoxyalkylene monoalkyi ether derivative represented by formula [3] atone or a combination of the polymerizable 
polyoxyalkylene nx>noalkyl ether derivative represented by formula [2] or [3] and a monomer copolymerizable with the 
derivative can be solution polymerized in an organic solvent or in an aqueous solvent or bulk polymerized without any 
25 solvent. Examples of a polymerization initiator used for the polymerization indud^ pGflymerization initia^rs soluble In 
vjf^er siJdi as hydi^operpxWes such as tert-biJtyl hydropercxWe and salts of persuHuric add such a^ sodium persulfate, 
pota^lum persutfate and ammonium persuHate when an aqueous solvent is used. When the polymerization is cpn^ 
ducted In an organic solvent or without any solvent, examples of the polymerization initiator used tor the polymerization 
indude peroxides such as benzoyl peroxkle and di-tert-butyl peroxide and azo initiators such as 2,2* -azobjsisobutyroni- 
30 trile. A single type or a contfxnatran of two or more types of polymerization initiators may b& used. 

[0040] The cfispersant of the present inverition comprises the homopolymer of the polymerizable pojyoxyall^ene 
mono^kyl ether deriyatiye represented by formula [3] or a copolymer of 5 to 95% by mol of the pplyrnjerizajple pc^yqxy- 
alkylene monoalkyi ether derivative represented by formula [2] or [3] and 95 to 5% nripl of a monomer cppolymwlz- 
able with the derivative. The homopolymer of the polymerizable polyoxyalkylene monoalkyi ether derivative represented 
3S by fonnula [3] and the copolymer of 5 to 95% by mol of the polymerizable polyoxyalkylene morioglkyi ether derivative 
represented by formula [2] or [3] and 95 to 5% by mol of a monomer copolymerizable with the derivative can achibit an 
excellent dispersing property as a component of the dispersant It is preferable that tiie copolymer comprised in the dis- 
persant is a copolymer of 30 to 70% by mol of tiie polymeriz^e polyoxyalkylene monoalkyi ettier derivative repre- 
sented by fonmila [2] or [3] and 70 to 30% by mol of a nx)nomer copolymerizable with the derivative. 
40 [0041] The form of the dispersant of the present invention is not particularly United. For exarrple, t^e polymer may 
u^ed by HseW or the polymer may be used as an aqueous solutk>n or a solution in an organic solvent. Agents such asf 
deforming agents may further be added to tiie solutfon of the polymer. The used amount of the dispersant of the present 
inventton is riot jMrticularly limited. Dispersion of solkJ p^rtides and the effect to suppress prec|)itation in a ^plkl-||quid 
disperskm system can be remarkably improved when the dispersant Is added in an amount such that the amount of the 
45 polymer is 0.01 to 10% by weight and preferably 0.1 to 5% by weight of the solid material to be dif pe^ed. 

[0042] The dispersari^ of the present invention can be used in various applfcations. The dispersant is advantageously 
used, for example, as fdlows. When tiie dispersant is used in ceramic freWs, slumes of inorganic rr^teri^s are formed 
in high concentrations. When the dispersant is used in ttiefieW of coating materials, pigments are dispersed In yehiclas 
as primary particles and stable suspensions are formed. When tiie dispersant is used In the fieldycernent fluidity arid 
60 maintenance of fluidity of mortar and concrete can be enhanced to improve strength, durability and applicability. The 
dispersant of tiie present invention is particularly advantageously used as the dispersant of inorganic powder materials 
and as tiie dsperscunt in the field of cement 

[0043] To summarize the advantages of the present Invention, the polymerizable polyoxyall^ene monoalkyi ether 
derivative prepared by using the polyoxyalkylene monoalkyi ether having the specific molecular weight distrfltxitipn of 
56 the present invention as tiie raw material contains bifunctional byproducts in a very small amount and the polympr pre- 
pared by using this derivative as tiie monomer causes littie ti'OuWe due to crosslinking. Therefore, when the pplyrner Is 
comprised in a dispersant for various powder materials such as inorganic pigments and organic pigments, an' excellent 
effect can be exhibited with use In a small amount and ttius tiie dispersant can be used effectively. When the dispe^nt 



9 





EP0 965 605 A2 



is used as an adefitive to cemerrt for buildings and constructions, an excellent fluidity can be exhatwted wHh use in a small 
amount and workabrnt/ and applicability can be improved. 



[0045] A 5 liter pressure-resistant reactor (inner volume: 4.890 nfl made of stainless steel and equipped with a ther- 
momiater. a pressure meter, a safety valve, an irtf et tube for nitrogen gas. a stinrer, a vacuum suction tube, a cooling coil 
and a steam jacket was cleaned with water and purged with dry nitrogen gas to remove water Inside the reactor. The 
reactor was then dried at a reduced pressure of 50 to 100 Terr for 15 minutes while steam was supplied to the steam 
jacket- After the step of cleaning with water was completed, the reactor was release to the ordinary pressure and cooled 
to the room temperature. Methanol in an amount of 2 liter was placed In the reactor and stirred at 0.05 to 0.1 MPa at 70 
to 75°C for 30 minutes in an atmosphere of nitrogen gas to clean the inside of the reactor with methanol- Methanol was 
removed and dry nitrogen gas was blown into the reactor. Steam was supplied to the steam jacket and the reactor was 
dried at a reduced pressure of 50 to 100 Tonr for 1 hour. 

[0041^1 After the reactor was cooled to the room temperature, 2.006 g of a commercially obtained dry acetonitrile (the 
content of water: 46 ppm as measured m accordance with the Karl Rscher method) was placed In the reactor via the 
Inlet tube of nitrogen gas. The pressure Inside the reactor was raised to 0.05 MPa v«th dry nitrogen gas and the content 
of thb reactor was sHnred for 15 minutes. Acetonitrile was then carefully taken out and 2,001 g of acetonitrile was recov- 
ered. The content of ¥vater in the recovered acetonitrile was otitained In accordance with the Karl Fischer method and 
founfd to be 60 ppm. The content of water Inside the reactor obtained in accordance with equation (B) was 5.7. 
[0047] The reactor was purged wHh dry nitrogen gas to remove acetonitrile remaining Inside the reactor. Steam was 
supplied to the steam Jacket and the reactor was dried at a reduced pressure of 50 to 1 00 Toir tor 1 hour. After the reac- 
tor was cooled to SO'^C or tower. 27 g of dry methanol containing 18 ppm of water and 5 g of socfium methoxkte were 
placed and the reactor was purged with nftrogen ga& After the temperature was raised to 90«C. 1.890 g of ethylene 
oxide was continuously supplied with a pressure via the inlet tube for nitrogen gas In the condition of 90 to 100*»C and 
0.6 MPa or lower while the content of the reactor was sbrred. After the addition of ethylene oxkfe was completed, the 
reaction was altowed to proceed at 90 to tOO*»C for 2 tiours. The reaction product vras cooled to 80*C and treated'at a 
reduced pressure for 1 hour in the condition of 75 to 85*C and 50 to 1 00 Ton whHe nitrogen gas was btown into the reac- 
tor. A portion of the reaction product in an amount of 200 g was taken out, neutralized with a 1 N r^rochtoric acki and 
then dried and filtered In an atmosphere of nitrogen gas. The obtained reaction product was subjected to the measure- 
merit in accordance with the gel permeation chromatography (GPC). 

m^] In the measurement of GPC, SHODEX GPC SYSTEM-1 1 was used as the system. SHODEX RI-71 was used 
as tWe differential refradometer and 3 columns of SHODEX KF804L were connected In series and used as the column. 
The tomperatore of the column was set at 40»C. Tetr^vcirofuran was used as the developing solvent and supplied at a 
rate of 1 mMninute. Into the cotonrm. 0.1 mi of 0. 1 % by weight tetrahydrof uran solution of the obtained reaction product 
was injected. Using a BORWIN GPC conrputation program, a chromatogram showing the relation between the intensity 
of the reflective Index and tfie elution time was obtained. Figure 2 shows the obtained chromalo^am. The value of 
Si/So was obtained from the chromatogram and found to be 0. 1 37. 

I0049J To the remaining portion of the reaction odud, 54 g of potassium hydroxide was added. After the reactor was 
purged with nrtrogen gas. the content of the reactor was treated at a reduced pressure for 1 hour in the condition of 80 
to 90*»C and 50 to 100 Tom The reactor was then cooled to eo^'C and 75 g of aByl chloride was added »ito the reactor 
vwth a pressure of nitrogen gas via the inlet tube of nitrogen gas. The reaction was aRowed to proceed at 80 to 90'C at 
0.2 to 0.3 MPa for 4 hours. The reaction product was neutralized with a 6N hydrochloric add and d^ied at a reduced 
pressure. The formed saH was removed by f itratton and pdyoxyethylene monomeihyl monoallyl ether (a) was obtained. 



[0050] Using the same type of pressure-resistant reactor as that used in Example 1 . deaning and drying were con- 
ducted in accordance with the same procedures as those conduded in Example 1 . After the reactor was cooled to the 
room temperature. 1.750 g off a commerdatly obtained dry acdone (the content of water: 42 ppm as measured in 
accordance with the Karl Rscher method) was placed in the reador via the inlet tube of nitrogen gas. The pressure 
Inside the reactor was raised to 0.05 MPa wflh dry nitrogen gas and the content of the reactor was st^ed tor 1 5 minutes. 
Acetone was then carefuBy taken out and 1 744 g of acetone was recovered. The content of water in the recovered ace- 
tone was obtained in accordance w^ the Karl Fischer method and found to be 59 ppm. The content of water inside the 



EXAMPtfS 



[0044] The present invention wHl be desaibed in more detail with reference to examples In the following. 



Exanpte 1 



Exannple2 
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reactor obtained in accordance with equation (B) was 6.1. 

[Q051] The reactor w^s purged with dry nitrogen gas to remove acetone remaining inside the reactor. SX&am sup- 
plied to the steam jacket and the reactor was dried at a reduced pressure of 50 to 100 Torr for 1 hour. AiFter the reactor 
was cooled to the room tenrperature. 19 g of a methanol solution of sodium methoxide (a product of KAWAKEN FINE 

5 CHEMICAL Co., Ltd.; SM-28; sodium methoxide: 28% by weight) was placed and the reactor was purged with nitrogen 
gas. After the temperature was raised to 90*C. 2.845 g of ethylene oxide was continuously supplied with a pressure via 
the inlet tube for nitnogen gas In the concfition of 90 to 1 00*C and 0.6 MPa or lower while the content of the reactor was 
stirred. After the addition of ethylene oxide was completed, the reaction was allowed to proceed at 90 to 100*C for 2 
hours. Jhe reaction product was cooled to 80°C and treated at a reduced pressure for 1 hour in the condition of 75 to 

10 SS^'C and 50 to 100 Torr while nitrogen gas was blown into the reactor. 

100521 A portion of the reaction product in an amount of 195 g vyas taken out. neutralized with a 1 N hydrochloric acid 
^nd then dried and filtered in an atmosphere of nitrogen gas. The obtained reaction product was sul:^'ected to the meas- 
urement in accordance with GPC. Rgure 3 shows the obtained chromatogram. TTie value of Si/Sp was obtained from 
the chromatogram and found to be 0.1 12. 

IS [p053] To the remaining portion of the reaction product, 34 g of potassium hydroxide was added. After th^ reactor was 
purged with nitrogen gas. the content of the reactor was treated at a reduced pressure for 1 hour in the »nditipn of 8Q 
to 90°C and 50 to 100 Ton^. The reactor was then cooled to 65°C and 73 g of aUyl bronrvde was added into the reactor 
with a pre^ure of nitrogen gas via the inlet tube of nitrogen gas. The reaction was allowed to proceed at 80 to 90''C at 
0.2 to 0.3 MPa for 4 hours. The reaction product was neutralized with a 6N hydrochloric add and dried ^t a r^uced 
20 pr98^iJre. The formed salt wfis removed by f Btratlon and pplyoxyethylene monomethyl monoallyl ether (|)) mis pbtein^, 

ExaiT|;de 3 

[0054] U^jng the same type of pressure-resistant reactor as that used in Example 1 , cleaning and drying wer^ cpn- 
2s clucfe0 in fccordarice with tfie same procedures as those conducted in Exanrple 1 . After the reactor was copied tp the 
room temperature, 1.789 g of a commercially obtained dry acetone (the content of water: 42 ppm as measured in 
accordance with the Kari Fischer method) was placed in the reactor via the inlet tube of nitrogen gas. The isressure 
in^de tiie reactor wajs raised tp 0.05 MPa with dry nitrogen gas and the content of the reactor was stirred for 15 minutes, 
^etone was thep carefully taken out and 1 ,783 g of acetone was recovered. The content of water in the recovered ace- 
30 tone was ojatained in accordance with the Karl Fischer method and found to be 61 ppm. The content of water insjde the 
reiactor obtainied in accordance with equation (B) was 7.0. 

[0055] The reactpr was purged with dry nitrogen gas to renrxwe acetone remaining inside the reactor. Steam w^ sup- 
plied to the steam jacket and the reactor was dried at a reduced pressio-e of 50 to 1 00 Torr for 1 hpyr. After the reactor 
was cooled to the room temperature, 550 g of stearyl alcohol was placed and the reactor was purged witii nitrogen gas^ 

35 After the temperature was raised to 1 lO^'C. the content of tiie reactor was dried at a rediiced pressure of 1.00 Torr or 
lower wNie nitrogen gas was blown into the reactor. After the drying was completed, the temperatjirq was recluc^ to 
70*0 and a portion of the content in an amount of 1 7 g y/sls taken out. The content of water in this portion was measured 
in accordance with the Kari Rscher method and fbund to be 37 ppm. Into the reactor, 1 g of spcfiurn methox3C|e w^as 
added and the reactor was purged with nitrogen gas. After the temperature was raised to 8P°C. 1,200, g of propyl^f^e 

40 oxide was continuously supplied with a pressure via the inlet tube for nrtrpgen gas in tfie conditiqp of 90 to 1,00^C ^ 
0,6 MPa pr lower while the content of the reactor was stin-ed. After the addition of propylene <ttide was 
reaction was aOowed to proceed at 90 to lOO^'G for 2 hours. The reaction product was cpqied to 80?C and freaked at a 
r^duc^ pressure for 1 hour in the condition of 75 to 85^C and 50 to 100 Torr while nitrogen gas was blown the reap- 
tor. " ■ ' 

^ [P0?6] A portion of tfie re»aption product In an amount of 1 03 g was taken out, neutralized with a 1 N hydrochloric acid 
and th^n driQcl and filtered in an atmosphere of nitrogen gas. The obtained reaction product was sjid^jected to the rrieas- 
urement m accordance with GPC. The value of S^/Sq was obtained from the chromatogram and found to be 6.1 io! 
[0057] To thje remajriing portion of the reaction product, 120 g of potassium hydroxide was added. After the reactpr 
was purged with nitrogen gas, the content of the reactor was treated at a reduced pressure for 1 hour in the corvijtion . . 

so of 80 to ^O^'C and 50 to 100 Ton. The reactor was then cooled to 60^*6 and 168 g of allyl chlorkfe was a<Me(i intp the 
reactor wftti a pressure of nitrogen gas via the inlet tutoe of nitrogen gas. The reaction was allowed proceed at 80^ 
gO'^C ^t 0.2 to 0.3 MPa for 4 hours. The reactfon product was neutralized with a 6N hydrochloric acki and dried^ a 
reduced pressure. The formed salt was removed by filtration and pdyoxypropylene nrK)nostearyl nripnoailyl ether {c} was 
obtained. 

55 

Example 4 

[0058] Using the same type of pressure-resistant reactor as tiiat used in Exannple 1 . cleaning ar>d drying were qpn- 
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ducted n accordance with the same procedures as those conducted in Example 1 . Atter the reactor was cooled to the 
room temperature, 1.912 g of a commercially obtained dry acetonltrlle (the content of water: 46 ppm as measured In 
accordance wfth the Karl Fischer method) was placed in the reactor via the inlet tube of ratrogen gas. The pressure 
inside the reactor was raised to 0.05 MPa with dry nitrogen gas and the content of the reactor was stirred tor 1 5 minutes. 
Acetonitrile was then car^lly taken out and 1.907 g of acetonitrie was recovered. The content of water in the recov- 
ered acetonMe was obtained in accordance with the Karl Fischer method and found to be 63 ppm The content of 
water viskie the reactor obtained in accordance with equation (B) was 6.6. 

[WiSB] The reactor was purged with d^y nitrogen gas to remove acetor^trile remaining inside the reactor. Steam was 
supplied to the steam jacket and the reactor was dried at a reduced pressure of 50 to 100 Tonr Ibr 1 hour. After the reac- 
tor was cooled to the room temperature, 72 g of n-butanol which had been distilted wi advance and contained 19 ppm 
of w^er and 3 g of potassium tert-butoxMe were placed and the reactor was purged with nitrogen gas. After the tem- 
perature was raised to 80*C, a mixture of 1,030 g of Xylene oxide and 1 ,370 g of propylene oxide was continuously 
supplied with a pressure via the inlet tube for nitrogen gas In the condition of 90 to 100^C and 0.6 MPa or lower while 
the content of the reactor was stln-ed. After the addition of the mixture of ethylene oxide and propylene oxide was com- 
pleted, the reaction was allowed to proceed at 90 to lOO^C for 2 hours. The reaction product was cooled to 80*C and 
treated at a reduced pressure for 1 hour in the condition of 75 to 85«C and 50 to 100 Torr while nitrogen gas was blown 
into the reactor. 

[0060] A palion of the reactfon product in an amount of 97 g was taken out, neutraKzed with a 1 N hydrochtoric acid 
and then dried andfittered in an atmosphere of nitrogen gas. The obtained reactton product was subjected to the meas- 
urement in accordance with GPO. The value of S^/Sq was obtained from the chromatogram and found to be 0. 11 0. 
[0061 1 To the remaining portkMi of the reactfon product. 62 g of potassium hydroxide was added. After the reactor was 
purged with nitrogen gas, the content of the reactor was treated at a reduced pressure in the conditfon of 80 to 90*»C 
and 50 to 100 Ton^. The reactor was then cooled to 60*»C and 85 g of allyl chloride was added into the reactor with a 
pressure of nitrogen gas via the inlet tube of nitrogen gas. The reaction was allowed to proceed at 80 to 90°C at 0.2 to 
0.3 MPa for 4 hours. The reactfon product was neutralized with a 6N hydrochloric ackJ and Med at a reduced pressure. 
The formed salt was renxjved by filtration and polyoxyethyleneoxypropylene monobutyl monoallyl ether (cO was 
obtained. 

Example 5 

[0062] Using the same type of pressure-resistant reactor as that used In Example 1 , cleaning and drying were con- 
ducted in accordance with the same procedures as those conducted in Example 1 . After the reactor was cooled to the 
room temperature, 1,544 g of a commercially obtained dry acetonitrile (the content of water: 46 ppm as measured in 
accordance with the Karl Bscher method) was placed in the reactor via the inlet tdbe of nitrogen gas. The pressure 
Inside the reactor vtas raised to 0.05 MPa with cftry nitrogen gas and the content of the reactor was stirred for 15 minutes. 
Acetonitrile was then carefully taken out and 1 ,539 g of acetonitrile was recovered. The content of water in the recov- 
ered acetonitrile was obtained in accordance with the Karl Fischer method and found to be 66 ppm. The content of 
wat^r inside the reactor obtained hi accordance w^ equation (B) was 6.3. 

[0063) The reactor was purged with rty rmrogen gas to remove acetonitrile remaining inside the reactor. Steam was 
supplied to the steam Jacket and the reactor was dried at a reduced pressure of 50 to 100 Tonr for 1 hour. After the reac- 
tor was cooled to the room temperature, 76 g of a methanol solution of sodium methoxkfe (a product of KAWAKEN FINE 
CHEMKJAL Co., Ltd.; SM-28; sodium methoxkte: 28% by weight) was placed and the reactor was purged wn'th nitrogen 
gas. After the tenperatwre was raised to 90^*0, 1,860 g of 1 ,2-butylene oxkle was continuously suppled with a pressure 
via the rilet tobe for nitrogen gas in the condition of 90 to 100»C and 0.6 MPa or kwer while the content of the reactor 
was stirred. After the adcfition of 1 ,2-butylene oxide was completed, the reaction was aNowed to proceed at 90 to 100*C 
for 3 hours. The reaction product was cooled to 80»C and treated at a reduced pressure for 1 hour in the condition of 
75 to 85<'C and 50 to 1 00 1brr whSe nitrogen gas was btown into the reactor. 

[0064] After the temperature was raised to 90»C. 530 g of ethylene oxide was contfouously supplied with a pressure 
via tiie inlet tube for nitrogen gas vn the condition of 90 to 100*C and 0.6 MPa or lower while the content of the reactor 
was stinted. After tfie addition of ethylene oxide was conripleted, the reactfon was alfowed to proceed at 90 to 100'C for 
2 hours. The reaction product was cooled to 80*C and treated at a reduced pressure lor 1 hour hi the conditfon of 75 to 
85*C and 50 to 100 Ton^ whBe nitrogen gas was blown MTto the reactor. 

[0065] A portion of the reaction product in an amount of 1 1 2 g was taken out, neutralized with a 1 N hydrochloric acid 
and then dried and filtered In an atmosphere of nitrogen gas. The obtained reaction product was subjected to the meas- 
urement in accordance with GPC. The value of SiTS© was obtained from the chromatogram and found to be 0.081 . 
[00661 To the remaining portion of the reaction proc^, 134 g of potassium hydroxide was added. After tiie reactor 
was purged with nitrogen gas, the content of the reactor was treated at a reduced pressure for 1 how in the condition 
of 80 to 90»C and 50 to 100 Ibnr. The reactor was men cooled to 65X and 208 g of methallyt chforide was added into 
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the reactor wHh a pressure of nHrogen gas via the inlet tube of nitrogen gas. The reaction was allowed to proceed at 80 
to at 0.2 to 0.3 MPa for 4 hours. The reaction product was neutralized with a 6N hydrochloric acid and dried at a 
reduced pressure. The formed saH was removed by filtration and polyoxybutyleneoxyethyJene monomethyJ monometh- 
atlyl ether (e) ¥vas obtained. 



Example 6 



[0067] Using the same type of pressure-resistant reactor as that used in Example 1 . cleaning and drying were con- 
ducted in accordance with the same procedures as those conducted in Example 1 , After the reactor was cooled to the 
room temperature, 1.982 g of a commercially obtained dry acetonitrile (the content of water: 46 ppm as measured in 
accordance with the Karl Fischer method) was placed in the reactor via the inlet tube of nitrogen gas. The pressure 
inside the reactor was raised to 0.05 MPa with dry nitrogen gas and the content of the reactor was slin-ed for 1 5 minutes 
Acetonitnle was then carefully taken out and 1 .974 g of acetonitrile was recovered. The content of water In the recov- 
ered acetonitrile was obtained in accordance with the Kari Fischer method and found to be 58 ppm. The content of 
water inside the reactpr obtained in accordance with equation (B) was 4.9. 

[0068] The rector was purged with dry nitrogen gas to remove acetonitrile remaining inside the reactor Steam was 
supplied to the steam jacket and the reactor was dried at a reduced pressure of 50 to 1 00 Ton^ for 1 hour. After the reac- 
tor was coolaf to the room temperature. 61 g of a methanol solution of sodium methoxide (a product of KAWAKEN FINE 
CHEMICAL Co., Ud.; SM.28; sodium methoxide: 28% by weight) was placed and the reactor was purged nitrogen 
gas. After the temperature was raised to 90*C. 2.420 g of ethylene oxkJe was continuously supplied with 'a pressurevia 
the inlet tube for nitrogen gas in the concStion of 90 to 1 0O'C and 0.6 MPa or lower while the content of the reactor w^ 
stined After the addition of ethylene oxide was conpleted. the reaction was altowed to proceed at 90 to 100*C for 3 
hpurs. The reaction product was cooled to 80*'C and treated at a reduced pressure for 1 hour In the condition of 75 to 
85-C and 50 to 100 Ton' while nitrogen gas was blown into the reactor 

[0069] A portion of the reacfion product in an amount of 200 g was taken out. neutrattzed with a 1 N hydrochloric acid 
and then drl^ and filtered In an atmosphere of nitrogen gas. The obtained reaction product was snbjected to the meas- 
urement in accordance with QPC. The value of S^/Sq was obtained from the chromatogram and found to be 0 09? 
[POTO] To the remaining pprtfon of the reaction product. 108 g of potassium hydroxWe was added After tiie reactor 
w^s purged with nitrogen gas. ttie content of the reactor was treated at a reduced pressure for 1 hour in th^ conditiori 
Qf to 9p'>C and 50 to 100 Tpnr, The reactor was then cooled to 65»C and 135 g of allyl chforide ms added into the 
reacts wifh a pressure of nitrogen gas via the inlet tube of nitrogen gas. The reaction was allowed to proceed at 80 to 
ap*C ^t 0.2 to 0.3 MPa for 4 hours. The reactfon product was neutralized with a 6N hydrochtoric acid and dried at a 
r^ced pres^re. The fbrmed salt was removed by filtration and polyoxyethylene monomethyl monoallyl ether (f) was 
obtained. 

Comparative Example 1 

[0071] The same type of pressure-resistant reactor as that used in Example 1 was cleaned with water and purged 
with dry nitrogen gas to remove water inside the reactor. The reactor was then dried at a reduced pressure of 50 to 100 
Torr for 1 5 minutes while steam was supplied to the steam jacket After the reactor was cooled to the room temperature 
1 992 g of the same dry acetonitrDe as that used in Example 1. i.e.. the commercially obtained acetonitriie containing 
* ^^"^ ^ ^ "^^^^ "^^ pressure inside the reactor was raised 

to 0.05 MPa wrth dry nitrogen gas and the content of the reactor was stinred for 1 5 minutes. Acetonitrile was then care- 
fully taken out and 1 .986 g of acetonitrile was recovered. The content of water In the recovered acetonitrile yvas obtained 
in accordance with the Kari Fischer method and found to be 108 ppm. The content of water inskie the reactor obtained 
in accordance with equation (B) was 25.3. = . . w^u^r 

[0072] After the reactor w^ cooled to 30^C or lower. 27 g of dried methanol and 5 g of sodium methoxkle was placed 
and the reactor was purged with nitrogen gas. After the temperature was raised to 90-C. i .890 g of ethylene oxide was 
continuously supplied with a pressure via the inlet tube for nitrogen gas in the condition of 90 to 100'C and 0 6 MPa or 
lower while the content of the reactor was stirred. After the addition of ethylene oxide was complejed. the reaction was 
aPpwed to proceed at 90 to 100«C for 2 hours. The reaction product was cooled to 80»C and treated at a reduced pres- 
sure for 1 hour in the condition of 75 to 85»C and 50 to 100 Torr while nitrogen gas was blown into the reactor 
[0073] A portion of the reaction product in an amount of 200 g was taken out, neutralized with a 1 N hydrochloric acid 
and then dned and filtered in an atmosphere of nitrogen gas. The obtained reaction product was subjected to the meas- 
urement in accordance with QPC. Rgure 4 shows the obtained chromatogram. The value of Si/So was obtained from 
the chromatogram and fbund to be 0.214. 

[0074] To the remaining portion of the reaction product. 55 g of potassium hydroxide was added. After the reactor was 
purged with nitrogen gas. the content of the reactor was treated at a reduced pressure for 1 hour in the condition of 80 
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to SO'^C and 50 to 100 Torr. The reactor was then cooled to 65^0 and 77 g of allyl chloride was added into the reactor 
with a pressure of nitrogen gas via the inlet tube of rntrogen gas. The reaction was allowed to proceed at 80 to 90*C at 
0^ to 0.3 MPe for 4 hours. The reaction product was neutralized with a 6N hydrochloric acid and dried at a reduced 
pressure. The f^nred salt was removed by filtrat'on and polyoxyethylene monomethyl monoallyl ether (a") was obtained. 

Comparative Example 2 



[00751 A commercially obtained polyoxyethylene monomethyl ether (a reagent manufactured by ALDRICH Company; 
poly(ethylene giycoT) methyl ether; No. 20,251-7; weight-average molecular weight 5.000) was subjected to the meas^ 
10 urement in accordance with GPC. Figure 5 shows the obtained chromatogram. The value of S^/Sq was obtained from 
the chromalogram and Ibund to be 0. 183. 

[0076] Ho a 1 liter pressure-resistant glass reactor, 200 g of the above polyethylene monomethyl ether was placed 
and 2.6 g of potassium hydroxide was added. After the reactor was purged with nitrogen gas. the content of the reactor 
was treated at a reduced pressure for 1 hour in the condition of 80 to 90**G and 50 to 100 Ton-. The reactor was then 
15 cooled to eo^'C and 5.6 g of allyl bromide was added Into the reactor with a pressure of nitrogen gas via the inlet tube 
of nitrogen gas. The reaction was allowed to proceed at 80 to 90»C at 0.2 to 0.3 MPa for 5 hours. The reaction product 
was neutralized with a 6N hydrochloric acid and dried at a reduced pressure. The formed salt was removed by filtration 
and polyoixyethytene monomethyl monoallyl ether (b7 was obtained^ 

[0077] The values of L, So, and S^/So in the chrcwnatograms obtained in Examples 1 to 6 and Comparative Exam- 
20 pies 1 and 2 are shown In Table 1 . The conditions of synthesis and the properties of the obtained compounds are shown 
in'Tidble2. 



Table 1 





L (elutton time} 


US (etution time) 


So 


Si 


Si/So 


Example 1 


0.0107(25.142) 


0.0036 (24.733) 


44.0974 


&0321 


0.137 


Example2 


0.0129 (23.542) 


0.0043 (23.221) 


41.1708 


4.6299 


0.112 


Examples 


0.0138 (25.550) 


0.0046 {24.957) 


39.5182 


4.3585 


0.110 


Example 4 


0.0168 (23.642) 


0.0056 (23.057) 


41.2735 


4.5498 


0.110 




0.0111 (24.950) 


0.0037 (24.292) 


36.8409 


2.9797 


0.081 


Example 6 


0.0123 (24.450) 


0.0041 (23.897) 


44.0926 


4.0700 


0.092 


Comparative Exanple 1 


0.0100 (25.417) 


0.0033 (24.967) 


49.8518 


10.6513 


0.214 


Comparative Example 2 


0.0127(23.592) 


0.0042 (23.264) 


44.4713 


8.1553 


0.183 



T^e2-1 





Example 1 


Example 2 


Example 3 


Example 4 




methyl 


methyl 


stearyt 


n-butyt 


AO 


EO 


EO 


PO 


EOff>0 


Wi(g) 


2006 


V 1750 


1789 


1912 


Ci(ppm) 


46 


42 


42 


46 


Cf (ppm) 


60 


59 


61 


63 


V(ml) 


- 4890 


4890 


4890 


4890 


Content of water 


5.7 


6.1 


7.0 


6.6 


Hydroxyl value (MOH mg/g) 


27.9 


10.1 


66.1 


23.2 


Molecular weight 


2010 


5550 


850 


2420 



14 
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Table 2-1 (continued) 





Example 1 


Example 2 


Examples 


Example 4 


n 


45 


126 


10 


23/23 


Si/So 


0.137 


0.112 


0.110 


0.110 


r2 


allyl 


allyl 


allyl . 


allyl 


Degree of unsaturation (meq/g) 


0.49 


0.18 


1.17 


0.41 



Table 2-2 



IS 




Examples 


Example 6 


Conparative Exam- 
ple 1 


Corrparative Exam- 
ple 2 






methyl 


methyl 


methyl 


methyl 




AO 


BO-EO 


EO 


EO 


EO 


20 


wi(g) 


1544 


1982 


1992 






Ci (pi^) 


46 


46 


46 






Cf (ppm) 


66 


58 


108 




25 


V (ml) 


4890 


4890 


4890 






Content of water 


6.3 


4.9 


25.3 






Hydroxyl value (KOH 


4a4 


36.7 


27.9 


10.2 




mg/g) 








30 


Molecular weight 


1160 


1530 


2010 


5500 




n 


12-6 


34 


45 


124 






0.081 


0.092 


0.214 


0.183 


35 




methallyl 


allyl 


allyl 


allyl 




Degree of unsalura- 


0.86 


0.65 


0.49 


0.18 




tion (meq/g) 








40 
46 


Notes: . ,. 

EO: ethylene oxide 

PO: propylene oxide 

BO: 1 .2-butyiene oxide 

EO/PO: random addition of EO and PO 

BO-EO: block adcfition of BO and EO 

Hydroxyl value: measured in accordance with the method of Japanese Industrial Standard K 1557 6.4 
Degree of unsaturation: measured in accordance with the method of Japanese Industrial Standard K 1557 6.7 
Molecular weight and n: calculated from the hydroxyl value assuming that the compound is a monoalkyt ether 



Example 7 

60 

[0078] Using the same type of pressure-resistant reactor as that used in Example 1 , cleaning and drying were con- 
ducted in accordance with the same procedures as those conducted in Example 1 . After the reactor was cooled to the 
room temperature, 2,010 g of a commercially obtained dry acetonitrile (the content of water: 51 ppm as measured In 
accordance with the Karl Fischer method) was placed in the reactor via the inlet tube of nitrogen gas. The pressure 
55 inside the reactor was raised to 0.05 MPa with dry nitrogen gas and the content of the reactor was stirred for 1 5 minutes 
Acetonitrile was then carefully taken out and 2,002 g of acetonitrile was recovered. The content of wai^r in tfie recov- 
ered acetonitrae was obtained in accordance with the Karl Fischer method and found to be 60 ppm. The content of 
water insMe the reactor obtained in aocordarice with equati^ 
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[0079] The reactor was purged with dry nitrogen gas to renriove acetortitrile remaining inside the reactor. Steam was 
Slated to the steam jacket and the reactor was (fried at a reduced pressure of 50 to 100 Torr tor 1 hoi^. After the reac- 
tor was cooled to the 30^C or lower. 128 g of dry methanol containing 21 ppm of water and 27 g of sodium methoxtde 
were placed and the reactor was purged with nitrogen gas. After the temperature was raised to 90"C. 3.640 g of ethyl- 

5 ene oxide was continuousiy supplied with a pressure via the inlet tube tor n'rtrogen gas in the condition of 90 to lOO^'C 
and 0.6 MPa or tower while the content of the reactor was stinred. After the addition of ethylene oxide was completed, 
the reaction was altowed to proceed at 90 to 100*C for 2 hours. The reaction product was cooled to SO'^C and treated 
at a reduced pressure for 1 hour in the corelition of 75 to 85°C and 50 to 100 Ton- while nitrogen gas was blown into the 
reactor. The reaction product was transferred to a 5 titer eggplant type flask, quIcWy neutralized with a 1 N hydrochloric 

10 acid and tfien dried and f 9tered in an atmosphere of nitrogen gas. The obtained reaction product was subjected to the 
measurement in accordance with GPC. Figure 6 shows the obtained chromatogram. The value of Si/So was obtained 
from the chromatogram and found to be 0.114. 

[0080] Into a 5 liter tour-necked flask equipped with a stirrer, a themiometer. an inlet tor tiie air, a Dean and Stark tube 
and a Dimroth condenser, 1 ,650 g of the reaction product was placed and, then, 1 .400 g of toluene. 11 5 g of p-tolue- 

15 nesuHbnlc acid monohydrate and 5 g of hydroqulnone were added. The temperature was raised to 50*C and the mixture 
was stirred at 50 to 60'C tor 30 minutes. Methacrylic add in an amount of 206 g was then added and the reaction was 
allowed to proceed at 1 10 to 120*>C for 9 hours while the air was blown into the mixture via the inlet for the air using an 
air pump. After the reaction product was cooled to 60^ and transferred to a separating funnel, a 5N aqueous solutton 
of sodium hydroxkte was added and the mixture was shaken well. The mixture was then left standing and the formed 

20 lower layer was removed. To the remaining upper layer, a 20% by weight aqueous solution of sodium chtorkle was 
added and the mixture was shaken well. The nwxture was then left standing and the formed lower layer was removed. 
To the renfiaining iqsper layer. 0.1 g of p-methoxyphenol was added. Toluene was removed at a reduced pressure at 
60»C or lower and polyaxyelhylene morKunethyl ether methacrylate (g) was obtained. 

^5 Example 8 

[0081] Usmg the same type of pressure-resistant reactor as that used in Example 1 , cleaning and drying were con- 
ducted in accordance with the same procedures as those conducted in Example 1 . After the reactor was cooled to the 
room temperature, 2.100 g of a comnnerctally obtained dry acetone (the content of water: 44 ppm as measured m 

30 accordance with the Karl Rscher methocQ was placed In the reactor via the Inlet tube of nitrogen gas. The pressure 
inskle the reactor was raised to 0.05 MPa with dry nitrogen gas and the content of the reactor was stirred for 15 minuf es. 
Acetone was then carefully taken out and 2,095 g of acetone was recovered. The content of water in the recovered ace- 
tone was obtained in accordance with tine Karl Rscher method and found to be 59 ppm. The content of water inskie the 
reactor obtained In accordance with equation (B) was 6.4. 

35 [008*2] The reactor was purged with dry mtrogen gas to remove acetone remaining inside the reactor. Steam was sup- 
plied to the steam jacket and the reactor was dried at a reduced pressure of 50 to 100 Torr fbr 1 hour. After the reactor 
was cooled to the room temperature, 1,100 g of stearyl alcohol was placed and the reactor was purged with nitrogen 
gas. After the temperature vwas raised to 1 10*C ttie content of the reactor was dried at 105 to 1 15*C at a reduced pres- 
sure of 100 Ton or lower while nitrogen gas was blown into the reactor. After the drying was completed, the tenperature 

40 was reduced to 70»C and a portion of the content In an amount of 19 g was taken out. The content of water in the 
obtained material was measured in accordance vwth the Karl Fischer method ar^ found to be 34 ppm. To the reactor, 
2 g of socfium methoxide was added and the reactor was purged vwth nitrogen gas. After the temperature was raised to 
SO^'C. 2,870 g of propylene oxkle was continuously supplied with a pressure via the inlet tube for nitrogen gas in the 
condition of 90 to 1 00*»C and 0.6 MPa or lower wNle the content of the reactor was stined. After the addition of propyl- 

45 ene oxide was completed, the reaction was allowed to proceed at 90 to lOO^C fbr 2 hours. 

[0083] The reaction product was cooled to dO^'C and treated at a reduced pressure for 1 hour in the conditton of 75 
to 85^0 and 50 to 1 00 Tonr wNle nitrogen gas was bkMnri into the reactor. A portton ^ 

of 307 g was transferred to a 0.5 liter eggplant type flask, quKkly neutralized wHh a 1 N hydrochlork: add and then dried 
and filtered in an alnfK>sphere of nitrogen gas. The obtained reactton product was subjected to the measurement in 
so accordance with GPC. Figure 7 shows the obtained chromatogram. The value of S^/Sq was obtained from the chroma- 
togram and tound to be 0. 1 17. 

[0084] Into a 3 liter four-necked flask equipped with a stirrer, a themnometer and an inlet for the air. 967 g of the 
remaining portion of the reactton product was placed. To this reactton product, 5 g of a metttanol solution of sodium 
methoxkfe (a product of KAWAKEN FINE CHEMICAL Co.. Ltd.; SM-28; sodium methoxide: 28% by weight) was added. 
55 After the tenr^ature was raised to 1 lO^'C in an atmosphere of nitrogen, methanol was removed at a reduced pressure 
of 100 Tonr or lower at 1 05 to IIO^'C while nitrogen gas was blown into the reactor. ) 

[0085] After the temperature was reduced to 50*C. a Uebig condenser and a fracttonating column were attached to 
the flask. Then. 1.032 g ol methyl methacrylate and 0.6 g of t-butylhydroxytohiene were added and the reactton was 
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anowed to proceed at 75 to 85»C at 500 Torr for 4 hours while the air was blown into the reactor via the inlet for the air 
using an air pump. Methyl methacrylate was then recovered at a temperature of 95 to 105*C at 50 Torr or lower After 
being cooled to 60«C, the reaction product was transfen^ed to a separating funnel. A 85% by weight aqueous solution 
of phosphoric aad and a 20% by weight aqueous solutioh of sodium chloride were added and the mixture was shaken 
welL The mixture was then left standing and the formed lower layer was removed. To the remaining upper layer a 20% 
by weight aqueous solution of sodium chloride was added and the mixture was shaken well. After the mixture was left 
standing, the formed lower layer was removed and polyoxypropylene monostearyl ether methacrylate (h) was obtained. 

Example 9 

[OOeq Using the same type of pressure-resistant reactor as that used in Example 1 . cleaning and drying were con- 
ducted in accordance with the same procedures as those conducted in Exanrple 1 . After the reactor was cooled to the 
room temperature, 1 ,975 g of a commercially obtained dry acetonitrile (the content of water: 51 ppm as measured in 
accordance with the Karl Fischer method) was placed in the reactor via the inlet tube of nitrogen gas. The pressure 
inside the reactor was raised to 0.05 I^Pa with dry nitrogen gas and the content of the reactor was sHrred for 1 5 minutes 
Apetonitnle was then carefully taken out and 1 ,968 g off acetonitrile was recovered. The content of water in the recov- 
ered acetonitrile w^ obtained in accordance with theXarl Fischer method and found to be 65 ppm. The content of 
water inside the reactor obtained in accordance with equation (B) was 5,7 

IP0B71 The reactor was pprged witfi dry nitrogen gas to remove acetonitrile remaining inskl^ the reactor Steam was 
supplied to the steam jacket and the reactor was dried at a reduced pressure of 50 b 1 00 Torr for 1 hour After the reac- 
tor was cooled to the room temperature. 144 g of n-butanol which had been distilled in advance and contained 26 ppm 
of water and 6 g of potassium tert-butoxide were placed and the reactor was purged with nitrogen gas' After the i&n- 
perature was raised to 80«C. 2.416 g of propylene oxide was continuously supplied with a pressure via the inlet tube for 
nitrogen gas in the condition of 90 to 100»C and 0.6 MPa or lower while the content of the reactor was stirred After the 
addition of propylene oxide was conpleted. the reaction was allowed to proceed at 90 to 100«C for 2 houfs The reac- 
tion product was cooled to 80*C and treated at a reduced pressure ibr 1 hour In the condition of 75 to 85-C and 50 to 
100 Ton- wNle nitrogen gas was blown into the reactor. After the temperature was raised to 80«C, 588 g of 1 243utylene 
oxide was continuously supplied with a pressure via the inlet tube for nitrogen gas in the condition of 90 to 'lO0*>C and 
0 6 MPa or lower while Ihe content of the reactor was stinred. After the addition of 1,2-butylene oxide was comoleted 
the reaction was allowed to proceed at 90 to lOO'^C for 3 hours. The reaction product was cooled to W>C and Teated 
at a reduced pressure for 1 hour in the condition of 75 to 8S-C and 50 to 1 00 Torr while nttrogen gas was blown into the ' ' 
reactor. 

[0088] The reaction product was transferred to a 5 liter eggplant type f lasK quickly neutralized with a l N hydrochloric 
aad and then dned and fiKered In an atmosphere of nitrogen gas. The ot>tained reaction product was subieded to the 
measurement in accordance with GPC. Rgure 8 shows the obtained chromalogram. The value of S,/Sn was obtained 
frpm the chromatogram and found to be 0.103. i o , vm«»i!'«su 

[0iW9] Into a 5 Bter four-necked flasl< equipped with a stirrer, a thermometer, an inletter the air. a Dean and Stark tube 
and a Dimroth condenser, 1 ,456 g of the reacBon product was placed and then 1,200 g of toluene, 46 g crf p-tohjen^ 
ioruc add monohydrate and 6 g of hydroquinone were added. The temperature was raised to SO'C ajid the irtxtw e was 
stirred at 50 to 60«C for 30 minutes. Methacrylic acid in an amount of 89 g was then added and the r^dn was ailoweci 
to proceed at 110 to 120»C for 12 hours whHe the air was bkiwn into the mixture via the inlet for th'e air usinTSi S 
pump. A%rthe reaction product was cooled to 60«C andtransfen^ed to a separating funnel, a 5N aqueous' solution of 
sodium »vdraxide was added and the mixture was shaken well. The mixture was then left standng and the formed lower 
l^r was removed. To the remaining upper \ayer. a 20% by weight aqueous solution of sodium chtoride Wc^ added and 
the mixture was shaken well. The mixture was then left standing and the fomied fower layer was removed To the 
remaining upper layer, 0.1 g of p-n>ethoxyphenol was added. Toluene was removed at a reduced pressure at 'eo-C or 
lower 9nd polyo^qtvopyleneoacybutylene monobutyf e»ier methacrylate (0 was 0^^ 

Example 10 

iwm Usmg the same type of pressurenresistant reactor as that used In Example 1. cleaning and drying were con- 
ducted in accordance with the same procedures as those conducted in Example 1 . After the reactor was cooled to the 
room temperature, 1,857 g of a commercially obtained dry acetonitrile (the content of water: 51 ppm as measured in 
accordance with the Karl Fischer method) was placed in the reactor via the inlet tube of nitrogen ga$^ Tite pressure 
inside the reactor was raised to 0.05 MPa with dry nitrogen gas and the content of the reactor ws» krred for 1 5 minutes 
Acetonitrile was then carefully taken out and 1 .848 g of acetonitrile was recovered. The <^^intent of Water in the recov- 
ered acetonitrile was obtained in accordance with the Karl Rscher method and fbuid to be 68 ppin. The content of 
water inside the reactor obtained iri accordance with equation (B) was 6.5. 
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[0091] The reactor was purged wHh cfcry nrtrogen gas to remove acelonitrile remaining inside the reactor. Steam was 
supplied to the steam jacket and the reactor was c^ed at a reduced pressure of 50 to 100 Tonr tor 1 hour. After the reac- 
tor was cooled to the room temperature. 76 g of a methanol solution of sodium methoodde (a product of KAWAKEN FINE 
CHEMICAL Ca. Ltd.; SM-28; sodium nnethoxide: 28% by weight) was placed and the reactor was purged with nHrogen 

5 gas. After the temperature was raised to 90*C. a mixture of 2,904 g of ethylene oxide and 1 .196 g of propylene oxide 
was continuously supplied with a pressure via the inlet ti4>e for nitrogen gas m the condition of 90 to 1 00**C and 0.6 MPa 
or lower while the content of the reactor was stirred. After the addition of the mixture of ethylene oxide and propylene 
oxide was completed, the reaction w^as allowed to proceed at 90 to 1 00"C tor 3 hours. The reaction product was cooled 
to 80»C and treated at a reduced pressure for 1 hour in the condition of 75 to 85»C and 50 to 100 Ton- while nitrogen 

10 gas was blown into the reactor. 

[00»2] The reaction product was transfenred to a 5 liter eggplant type f lasK quicWy neutralized with a 1 N hydrochloric 
add'and then dried and f atered in an atmosphere of nitrogen gas. The obtained reaction product was subjected to the 
measurement In accordance with GPC. Figure 9 shews the obtained chromatogram. The value of Si/So was obtained 
from the chromatogram and found to be 0.124. 
IS [0093] Into a 5 liter four-necked flask equipped with a stinger, a thermometer, an Inlet for the air. a Dean and Stark tube 
and a Dimroth condenser. 1.415 g of the reaction product was placed and then 1,500 g of n-hexane, 53 g of p-tolue- 
nesulfonic acid monohydrate and 6 g of hydroquinone were added. The temperature was raised to 40*C and the mixture 
was stinted at 40 to 50^C tor 30 rninutes. Acrylto ackl Iri an anrxHim 

to proceed at 70 to 75*C tor 12 hours while the air was blown into the mixture via the inlet for the air using an ai r pump. 

20 After the reaction product was cooled to 50*C and transferred to a separating funnel, a 5N aqueous solutton of sodium 
hydroxide was added and the mixture was shaken well. The mixture was then left stareling arxi the fbrmed lower layer 
was removed To the remaining upper layer, a 20% by wei^t aqueous sdutton <rf sodkim chtonde viSiS added and the 
mixture was shaken well. The mixture was then left standing and the formed tower layer was removed. To the remaining 
upper layer. 0.1 g of p-methoxyphenol was added. Toluene was removed at a reduced pressure at 60**C or lower and 

2s polyoDcyettiyleneoixypropylene mononnelhyl ether aaylate ffl was obtained. 

Example It 

[00^4] Using the same type of pressure-resistant reactor as that used in Example 1 . cleaning and drying were con- 
30 ducted in accordance with the same procedures as those conducted In Example 1 . After the reactor was cocrfed to the 
roohft temperature. 2.206 g of a commercially obtained dry acetone (the content of water: 44 ppm as measured in 
accordance with the Kari Fischer method) was placed in the reactor via the inlet tube of nitrogen gas. The pressure 
inside the reactor was rafeed to 0.05 MPa with dry nitrogen gas and the content of the reactor was stirred tor 1 5 minutes. 
Acetone was then carefully taken out and 2.197 g of acetone was recovered. The content of water in the recovered ace- 
35 tone was obtained in accordance with the Karl Fischer method and found to be 63 ppm. The content of water inskle the 
reactor obtained in accordance with ec^tion (B) was 8.6. 

[00951 The reactor was purged with dry nitrogen gas to remove acetone remaining inskle the reactor. Steam was sup- 
pBed to the steam jacket and the reactor was cfiried at a reduced pressure of 50 to 100 Tonr I6r 1 hour. After the reactor 
was cooled to the room temperature. 46 g of a methanol solution of sodium methoxide (a product of KAWAKEN FINE 

40 CHEMK)AL Ca. XML; SM-28; sodHim melhoxkle: 28% by weighQ was placed and the reactor was purged with nitrogen 
gas. After the temperature was raised to 90*C. 3.683 g of ethylene oxide was continuously si^apiled wfth a pressure via 
the inlet tube for nitrogen gas in the condltfon of 9Q to 100*C and 0.6 MPa or tower while the content of the reactor was 
stirred. After the adcfifon of ethylene OKkie was conrpteted, the reaction was allowed to proceed at 90 to lOO^C for 2 
hours The reaction proctoct was cooled to 80«*C and treated at a reduced pressure tor 1 hour in the condition of 75 to 

45 SS^'C and 50 to 100 Tonr whie nitrogen gas was bfown into the reactor. 

[0096] The reaction product was transfenred to a 5 titer eggplant type f lasK qufcWy neutraBzed wfth a 1 N hydrochlork: 
ackl ahd then dried and filtered in an atmosphere of nitrogen gas. The obtained reaction product was subjected to the 
measurement In accordance wrih GPC The value of S^/Sq was obtained from the chromatogram and Ibund to be 0.1 1 9. 
[0097] M> a 5 liter four-necked flask equipped with a stinrer, a thermometer, an inlet fbr the air, a Dean and Stark tU>e 

so and a Dimroth condenser. 1 .477 g of ttie reaction product was placed and then 1 .500 g of toluene. 38 g of p-toluenesul- 
fonic ackl monohydrate and 6 g of hydroc^none were added. The temperature was raised to 50**C and the mlxtif e was 
stirred at 50 to 60*»C tor 30 minutes. Methacrylk: acid in an amount of 60 g was then added and the reaction was allowed 
to proceed at 1 10 to 120*»C for 12 hours wh»e the air was bfown into the mixture via the inlet for the air using an air 
pump. After the reactton product was cooled to 60»C and transfenred to a separating funnel, a 5N aqueous solution of 

ss sodium hydroxkf e was added and the mixture was shaken well. The mixture was then left stancfing and the fbrmed lower 
l^er was removed. To *ie renrmMng upper layer, a 20% by weight aqueous solution of sodium chtoride was added and 
the mixture was shaken wel. The mixture was then left standing and the formed lower layer was removed. To the 
remaining upper layer. 0.1 g of pHfnethcwyphenol was added. Toluene was removed at a reduced pressure at 60*C or 
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lower and polyoxyettrylene monomethyt ether rnethacrylate (k) was obtained. 
Comparative Example 3 

[0098] The same type of pressure-resistant reactor as that used in Example 1 was cleaned well with water and purged 
with dry nitrogen gas to remove water inside the reactor. Then, the reactor was dried at a reduced pressure of 50 to 100 
Ton* for 1 5 minutes while steam was supplied to the steam jacket After the reactor was cooled to the room temperature, 
2.004 g of the same dry acetonitrilb as that used in Example 7. i.e.. the commerdally obtained acetonMe containing 
51 ppm of water, was placed in the reactor via the inlet tube of nitrogen gas. The pressure inside the reactor was raised 
to 0.05 MPa with dry nitrogen gas and the content of the; reactor was stinred for 1 5 minutes. Acetonitrile was then care- 
fully taken out and 1 ,997 g of acetonitrile was recov^ ed. The content of water in the recovered acetonitrile was obtained 
in accordance with the Karl Rscher method and found to be 121 ppm. The content of water inside the reactor obtained 
in accordance with equation (B) was 28.7. 

[0099] After the reactor was cooled to 30°C or lower. 128 g of dry methanol and 27 g of sodium me^hoj<ide wffe 
placed and the reactor was purged with nitrogen gas. After the temperature was raised to 90**C» 3,6140 g of ethylene 
oxide was continuously supplied with a pressure via the inlet tube for nitrogen gas in the condition of 90 to 100'*C and 
0.6 MPa or lower while the content of the reactor was stinted. After the addition of ethylene oodde was completed, the 
reaction was aHowed to proceed at 90 to 100*C for 2 hours. The reaction product was cooled to 8p*C ^nd treate<j at a 
reAic^ pressure Icy 1 hour in the condition of 75 to 85"C and 50 to 100 Torr while nitrogen gas was btown into the rfac- 
tqr. I^e reactkiih p-^cjuct was transfenred to a 5 liter eggplant type flask, quickly neutralized with a 1 N hyiirociiioric acid 
^Pfi ?"4f!]t6*'®^ an atmosphere of nitrogen gas. The obtained reaction product was subjected to the meas- 

urOTertt in accordaiKe with GPC. Figure 10 shows the obtained chromatogram. The value of S^/So was obtained from 
the chrornatograni and found to be 0.156. 

[OlpOJ into a 5 liter four-necked flask equipped with a stin'er, a thermometer, an inlet for tiie air. a Dean and Slarktube 
a Dinvoth condenser. 1.650 g of the reaction product was placed and. then. 1.400 g of toluene, 115 g of p-tolu9- 
riesulfdnic ackJ monohydrate and 5 g of hydroqulnone were added. The temperature was raised to 50»C ancf tfie mixture 
vfai sirred at 50 to 60»C for 30 minutes. Methacrylic add In an anwunt of 206 g was then added and the reaction was 
4!!ovved fo proceed Sft 1 10 to 120*'C for 9 hours while the air was blown into tiie mixture via the inlet for the air using an 
axr purinp. After the reaction product was cooled to 60'*C and transfen-ed to a separating funnel, a 5^l aqueous spliftion 
of sodium hydroxkie was added and the mixture was shaken well. The mixture was then left standing ^nd the fbrmeici 
lower layer was removed. To the remaining upper layer, a 20% by weight aqueous solution of sodiimi chloride wi§^ 
added and tine n^xture was shaken well. The mixture was then left standing and the formed lower layer was removed: 
To the remaining upper layer, 0.1 g of p-methoxyphenol was added. Toluene was removed at a reduced pressure at 
60»C or lo^er and pdyoxyethyiene nnonomethyl ether methacrylate (g*) was obtained. 

Comparative Example 4 

[PIOI ] The same type of pressure-riBSistant reactor as that used in ExampI e 1 was clean^ well with watf r and PHrge^ 
with dry nitrogen gas to remove viater inside ^e reactor. Then, ttie reactor was dried at a reduc^ j^ess4re of SO^j^^ l OQ 
Tprr fqr 1 5 minutes while steam was siwiied to the steam jacket After the reactor was cooled to ttio room tenpe^ture^ 
46 g a methanol solution of sodiunri methoxide (a product of KAWAKEN FINE CHEMICAL Co^ Ltd.; SVI-28; sodiurn 
melh<»ode: 28% by weight) was placed and the reactor was purged wrth nitrogen ga& After the temperature was raised 
to ^O'^C. ^.^§3 g of ethylene oxide was continuously supplied with a pressure via the Inlet tube for nitrogen gas jp the 
cpf^ifton of ?C} |o IPO^C and 0.6 MPa or lower while the content of the reactor was stin-ed. After the addftion of ethylene 
Qxtqle wa^s <»>mpleted. the reactk)ri was allowed to proceed at 90 to 1 00*»C for 2 hours. The reaction product was copied 
to iSO'C arid treated at a reduced pressure for 1 hour in the condition of 75 to 85*»C and 50 to 100 Tpn^ while nitrogen 
gas was blown into the reactor. 

[01 02] The reartion product was transferred to a 5 liter eggplant type flask, quickly neutralized with a 1 N hydrochloric 
ackJ and then dried and filtered in an atmosphere of nitrogen gas. The obtained reaction |»rdduct Was subject^ tp tf^^^ 
measurement in accordance with GPC. Figure 1 1 shows the obtained chromatogram. The value of S^/Sb was obtained 
from the chron^togram and fbiind to be 6.195. 

[P103] Into a 5 liter four-necked flask equipped with a stinger, a thermometer, an inlet for tiie air, a Dean and Slar|t tU?^ 
and a Dlmroth condenser. 1 ,477 g of tiie reaction product was placed and then 1 ,500 g of toluene. 38 g of p-toluenesul- 
fonic add monohydrate and 6 g of hydroquinone were added. The tenperature was raised to 50'*C and the rr^xture was 
stin^ed at 50 to 60**C for 30 mirujtes. Metiiacrylic acid in an amount of 60 g was ttien added and the r^actiion allowed 
to proceed at 1 10 to 120*'C for 12 hours while tiie air was blown Into the mixture via the inlet tor the air usirig^ air 
pump. After the reaction product was cooled to 60**C and transferred to a separating funnel, a 5Kl aqueous solution of 
sodium hydroxkie was added and the mixture was stiaken well. The mixture was then left standing and ttie Wmed Ipwer 
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layer was removed. To the remaining upper layer, a 20% by weight ac^ieous solution of sodium chloride was added and 
the mixture was shaken wefi. The mixture was then left standing and the Ibrmed lower layer was removed. To the 
remaining upper layer. 0.1 g of p-methoxyphend was added. Toluene was removed at a reduced pressure at 60»C or 
lower and poiyoKyethylene monomethyl ether methacrylate (W) was obtained. 
5 [0104] The values of U So, St and Si/Sq In the chromalograms obtaned k\ Examples 7 to 1 1 and Comparative Exam- 
ples'3 and 4 are shown 'm Tkble 3. The conditions of synthesis and the properties of the obtained compounds are shown 
in Table 4. 



10 Table 3 





L (eiution time) 


L/3 (elutlon time) 


So 


Si 


Si/So 


Example? 


0.0082 (27.358) 


0.0027 (26.808) 


45.4770 


5.2003 


0.1144 


Example 8 


0.0065 (26.983) 


0.0022 (26.692) 


44.3610 


5.1769 


0.1167 


Example 9 


0.0077 (25.792) 


0.0026(25.192) 


48.7876 


5.0300 


0.1030 


Example 10 


0.0100(25.558) 


0.0033 (25.117) 


46.1342 


5.7068 


0.1237 


Example 11 


0.0112(24.783) 


0.0037 (24.388) 


44.6310 


5.2977 


0.1187 


Comparative Example 3 


0.0081 (27^58) 


0.0027 (2&692) 


47.9631 


7.4952 


0.1562 


Comparative Example 4 


0.0099(24.567) 


0.0033(24.117) 


46.3476 


9.0365 


0.1950 



Table4-1 





Exarv^le7 


Example 8 


Example 9 


Exarrple 10 




nnethyl 


stearyl 


n-butyl 


methyl 


AO 


EO 


PO 


PO-BO 


EO/PO 


Wl(0) 


2010 


2100 


1975 


1857 


atppm) 


51 


44 


51 


51 


Cf(ppm) 


66 


59 


65 


68 


V(ml) 


4890 


4890 


4890 


4890 


Content of water 


6.2 


6.4 


5.7 


6.5 


Hfdrox^ vahie (MOH mg^) 


68.1 


58.0 


30.8 


27.8 


Molecular weight 


824 


967 


1821 


2018 


n 


18 


12 


25-4 


32/10 


Si/So 


0.114 


0.117 


0.103 


0.124 


P? 


MA 


MA 


MA 


A 


Saponrication value (KDH mg/g) 


61.7 


56.5 


31.3 


28.2 


Bromine vahie (mg/lOOg) 


17.6 


14.8 


8.0 


7.4 



66 
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Table 4-2 





Example 1 1 


Comparative Example 3 


Comparative Example 4 




methyl 


methyl 


methyl 


AO 


EO 


EO 


EO 


Wi(g) 


2206 


2004 


2210 


Ci (ppm) 


44 


51 


44 


Cf (ppm) 


63 


121 


112 


y{ml) 


4890 


4890 


4890 


Content of water 


8.6 


28.7 


45.8 


Hydroxyl value (KOH 


19.0 


68.0 


19.1 


mg/g) 








MoHepj\ar weigh^ 


2953 


825 


2937 


n 


67 


18 


67 


S^So 


0.119 


0.156 


0.195 




MA 


MA 


MA 


Saponff ication value 


19.5 


61.7 


19.5 


(KOHmg/g) 






Bromine value (mg/lOOg} 


5.0 


17.5 


5.0 


Note^: 

EO: ethylene oxide 

PO: propylene oxicle 

BO: 1.2-butylene oxicle 

PO-BP: block addition of PO and BO 

EO/PO: rj^nd^nn adcftion of EG and PO 

MA* mfthacrylqyl igroijp 

A: acryloyi grpMP 

Hydroxy! value: measwred in accordance with the method of Japanese Industrial Standard K 1557 6.4 
Sapor^icatiGfi valua: measured in accordance with the method of Japanese Industrial Standard K 0070 
Bromin^ value: measured in accordance with the method of Japanese Industrial Standard K 2605 
Molecular weight arid n: calcuiated from the hydroxyl value assuming that the compound is a monoalkyi ether 



Example 12 



[0105] Intoa 1 literfour-neckedfteskequipped with a stirrer, a thermometer, an inlet for nitrogen gas and a condenser. 
500 g of polyoxyethylene monomethyl monoallyt ether (a) obtained in Example 1. 27 g of maleic anhydride and 2Q0 mi 
of toluene were placed and the temperature was raised to 60*C in an atmosphere of nhrogen gas. Then, 12 g of benzoyl 
peroxide was added and the reaction was allowed to proceed in an atmosphere of nitrogen gas at 70 to 75»C for 8 
hours. After the reaction was completed, toluene used as the solvent was removed at a reduced pressure at 90 to 
ipo*C and reddish brown copolymer (P-a) was ot>tajned. The obtained copolymer had a ignematic viscosity of 251 cSt 
at iqo°0 and a molecular weight of 20.900 as measured ki accoidance with GPC. 

[Oioei In the meiasurement of GPC. SHODEX GPC SYSTEM-1 1 was used as the system. SHODEX 01-71 was used 
as the diffe'ential ref ractometer and SHODEX KF801 , KF-803 and KF-804 were connected in series and gsed as the 
column. The tenr^perature of the column was set at 40°C. A 0.05 nwl/liter aqueous solution of sodium nitrate was used 
as the developing solvent and supplied at a rate of 1 ml/minute. Into the column, 0.1 ml of a sample splutiori corrtaining 
p. 1% by weight of the sample was injected. The nrwiecular weight was a weight-average nfxrfecular weight which was 
obtained from a chromatogram obtained by using a BORWIN GPC computatkMi program on the basis of the value of 
polyethylene glycol us^ as the reference. 

ipiOT] The niolecular weight was measured in the same condition in the following Examples and Comparative Exam- 
ples except for Examples 15 and 1.6 and Comparative Example 17. 
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Example 13 

[0108] Into the same type of four-necked flask as that used In Example 12, 390 g of polyoxyethylene monomethyl 
monbatlyl ettier (b) obtained in Example 2, 13 g of malerc anhydride. 4.4 g of sodtum atlytsulfonate and 400 g of water 
were placed and the temperature was raised to 30*^0 to dissolve the materials in water. Ammonium persulfate in an 
amount of 9.6 g was then added and the reaction was allowed to proceed in an atmosphere of nitrogen gas at 60 to 
yo^C for 18 hours and an aqueous sotutk>n of yellowish brown copolymer (P-b) was ot>tained. The obtained aqueous 
solution of the copolymer had a kinematic viscosity of 787 cSt at 25''C. The concentration of the copolymer in the aque- 
ous solution was obtained from the decrease in the weight after drying at 120°C for 2 hours arKi found to be 49.6% by 
weight The molecular weight of the copolymer obtained after drying was measured In accordance with GPC and found 
to be 34,700. 

Example 14 

IS [010^1 Into the same type of four-necked flask as that used in Example 12. 480 g of polyoxyethyleneoxypropylene 
moribbutyl monoallyt ether (cQ obtained in Example 4. 4 g of styrene. 23.5 g of nr^eic anhydride and 300 mi of xylene 
were placed and the temperature was raised to 45''C In an atmosphere of nitrogen gas. Thea 1 .6 g of 2,2 -azobisisobu- 
tyronitrite was added and the reaction was allowed to proceed in an atmosphere of nitrogen gas at 75 to 80*^0 for 8 
NHirs. After the reactk)n was completed, xylene used as the solvent was renrxyved at a reduced pressure at 90 to 100*^0 

20 and light yeltow copolymer (P-d) was obtained. The obtained copolymer had a kinematic viscosity of 205 cSt at 100*^0 
and a molecular weight of 23»900 as measured in accordance with GPC. 

Connparalive Example 5 

25 [0110] The reaction was corxiucted in accordance with the same procedures as those conducted in Exan^le 12 
except that polyoxyethylene nrxxionne^ nxmoallyl ether (a*), obtained in Comparative Example 1 was used in place of 
polybxyethylene monomethyl nnorioallyl ^er (a) obtained in Example 1 arxl redcBsh brown copolymer (P-a*) was 
obtaihed. The obtained copolymer (P-a^ had a kinematic viscosity of 283 cSt at 100**C and a molecular weight of 
26.100 as nneasured in aooordance with GPC. 

30 

Comparative Example 6 

[0111] Into a 500 ml four-necked flask equipped with a stirrer, a thermometer, an inlet for nitrogen gas and a con- 
denser. 126 g of pdyoxyett^ene nK>nomelt^ monoattyl ether (b*) ot>tained in Comparative Example 2, 4.1 g of maleic 
anhydride. 1.4 g of sodium allytsutfonale and 129 g of water were placed and the temperature was raised to 30*'C to 
dissolve the materials in water. Then, 3.1 g of amnrxMnium persulfate was added and ttie reaction was anowed to pro- 
ceed in an atmosphere of nitrogen gas at 60 to TO^'C for 1 8 hours and an aqueous solulkm of yellowish brown copdy- 
nier (P-b*) was obtained. The obtained aqueous solution of the copolymer had a kinematic viscosity of 985 cSt at 25''C. 
The concentration of the copolynter wi the aqueous solution was obtained from the decrease in the weight after drying 
at 1 20''C for 2 hours and found to be 49. 1% by weight The nrK}lecular weight of the copolymer drained after drying was 
measured in accordance with GPC and fourxJ to be 41 .600. 

[01 12] The compositions of the copolymers obtained in Examples 1 2 to 1 4 are shown in Table 5. 



Table 5 







Copolymer 


Compound of fbrmula [2] 


Copolymerlzable monomer 






type 


amount (md) 


type 


amount (mol) 


so 


Example 12 


P-a 


a 


0.25 


maleic anhydrkle 


0.28 


Example 13 


P-b 


b 


0.07 


maleic ackJ 


0.11 












sodium aHylsuKonate 


0.03 




Example 14 


P-d 


d 


0.20 


styrene 


0.04 


55 










maleic ar^ydride 


0.24 




Comparative Example 5 


P-a* 


a* 


0.25 


maleic anhydride 


0.28 



f 
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Table 5 (continued) 





Copolymer 


Corrpound of formula [2] 


Cppolymerizable monorner 






type 


amount (mol) 


type 


arhount (mol) 


Comparative Example 6 


P-b' 


b' 


0.02 


maleic acid 
sodium atlyteulfbnate 


0.03 
0.01 



Example 15 

10113] Into a 2 Ijter four-necked flask equipped with a stirrer, a thermometer, an Inlet for nitrogen gas and a condenser 
223 g of polyoxyethylene monomethyl ether methacrylate (g) obtained in Example 7, 100 g of water, 300 g of 2-propa- 
nol. 10 g of thtoglycolic acid and 2 g of potassium persulfate were placed and the polym^ization was allowed to pro- 
ce€|d in^n atmosphere of nitrogen at a temperature of 70 to 75°C for 6 hours. After the polymerization was conpleted 
2-proparipJ used as the solvent was removed at a reduced pressure and an aqueous solution of a polymer was 
Obtein^. The concentration of the copolymer in the aqueous solution was obtained from the decrease in the weight 
after dryirig at 1 20*C for 2 hours and found to be 30.3% by weight. The obtained aqueous solution of the copolymer had 
a kinematic viscosity of 1,173 cSt at 40*C and a molecular weight of 63,100 as measured in accordance with GPC 
[0114] Into a 200 ml Erlenmeyer flask having a fitted glass stopper. l5gof the obtained solution was placed and 135 
g of tetrahydrofuran was added. The mixture was shaken weR and the obtained solution was transparent 
[0115] In the measurement of GPC. SHODEX GPC SYSTEM-1 1 was used as the system, SHODEX R|.7l was used 
as the differential refractometer and SHODEX KF804L was used as the column. The temperature of the column was 
set at Tetrahydrofuran was used as the developing solvent and sillied at a rate of 1 mimiiniita Into the cplumn 
0.1 ml of a sample solution containing 0.1%by weight of the sample was Injected. The molecular weight'was a weight- 
ayerage molecular weight which was obtained from a chromatogram obtained by using a BORWIN GPC computation 
program on the basis of the value of polyethylene glycol used as the reference. 

[0116] The molecular weight was measured in the same condition in Example 16 and Comparative Examole 7 
diBscribed in the following. 

Example 16 

[0117] Into the same type of apparatus as that used in Example 15, 189 g of polyoxypropylenecKybfutylene monobutyl 
ether metf>acrylate (i) obtained in Example 9. 500 g of 2-propanol, 4 g of a-methylslyrene dimer and 2 g of benzoyl^ per- 
o^e were placed and the polymerization was alkswed to proceed in an atmosphere of nitrogen at a temper^e of 75 
to 80-C for 5 hours. After the polymerizalkm was completed, the concentration of the copolymer In the aqueous solution 
was c^tained from the decrease in the weight after drying at 120'>C for 2 hours and found to be 28.2% by weight The 
obtained aqu^>us solution of the copolymer had a kinematic viscosity of 197 cSt at 40*'C and a molecular Wiaht of 
53.3dp as measured in accordance with GPC. 

[0118] Into a 200 ml Erlenmeyer flask having a fitted glass stopper, 15 g of the obtained solution was placed and 135 
g of tetra^gfiran was added. The mixture was shaken weO and the obtained solution was transparent 

Comparative Example 7 

[0119] The reaction was conducted in accordance with the same procedures as those conducted in Example 15 
except that 223 g of polyoxylethylene monomethyl ether methacrylate (g*) obtained in Comparative Example 3 was 
used in place of polyoxyethylene monomethyl ether methacrylate (g) obtained in Example 7. After the pqlymerizaton 
was completed, 2-propanol used as the solvent was removed at a reduced pressure and an aqueous solution of a pol- 
yrner was obtained. The concentration of the copolymer In the aqueous solution was obtained from the decrease In ihe 
weight after drying at 120°C for 2 hours and found to be 30.5% weight. The obtained aqueous solution of ttie copol- 
ymer had a kinematic viscosity of 1 ,548 cSt at 40oC and a molecular weight of 76.400 as measured in accordsvicewlth 
GPC. 

[0120] Iritp a 200 ml Erlenmeyer flask having a fitted glass stopper, 15 g of the obtained solution was placed and 135 
g of tetrahydrofuran was added. The mixture was shaken well and turbidity was found In ttie obtained solution It is con- 
sklered ttiat an insolMble polymer formed by crosslinking was present 

Example 17 



[0121] Into a 2 liter four-necked flask equipped wfth a stirrer, a condenser, an inlet for nitrogen gas. a ttiermometer 
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and two dropping funnels^ 54 g of maH&c anhydride and 200 g of toluene were placed and the tennperature was raised 
to 85°C in an atmosphere of ni^ogen gas. A solution prepared by mixing 480 g of polyoxyethylene monomethyl ether 
methacrytete (g) obtained in Example 7 and 200 g of toluene was placed in one dropping funnel and a solution prepared 
by dissolving 20 g of azobisisobutyronitrile into 100 g of toluene was placed in the other separate a^opplng funnel. Both 
5 solutions were ackted into the flask dropwise at 85 to dS^'C in an atmosphere of nitrogen gas over 2 hours. After the 
addition was completed, the reaction was allowed to proceed at a temperature in the same range for 1 hour. After the 
reaction was completed, toluene used as the solvent was removed at a reduced pressure at 90 to 100*C and reddish 
brown polymer (P-g) was obtained. The obtained polymer had a kinematic viscosity of 206 cSt at 100**C and a molec- 
ular weight of 19.700 as obtained in accordance with GPC. 

10 

Example 18 

[01221 Into a 3 liter four-necked flask equipped with a stin'er, a condenser, an Inlet tor nitrogen gas. a thermometer 
and two dropping funnels, 200 g of ion-exchanged water and 100 g of 2-propanol were placed and the temperature was 
15 raised to 80*'C. A solution prepared by mixing 414 g of polyoxyethyieneoxypropylene monomethyl ether acrylate Q) 
obtained in Example 10. 29 g of acrylk) acid. 200 g of ion-exchanged water and 100 g of 2-propanol was placed in one 
dropping fcmnel and 20 g of a 10% by weight aqueous solution of anmonium persulfate was placed in the other drop- 
ping funnel. Both soMkms were added Into tfie flask dropwise at 80 to 90*C in an atnnosphere of nitrogen gas over 3 
hours. After the addition was completed, the reaction was aRowedio proceed at a temperature in the same range for 1 

. 20 hour. After the reactk)n was completed, 2-propanol used as the solvent was removed at a reduced pressure and the 
remaining product was neutralized by adding a 5N aqueous solution d sodium hydroxide. After adjusting the content of 
water by ackJing k)n-excharTged water, an aqueous solution of copolymer (P-j) was obtained. The concentration of the 
copolymer In the aqueous solution was obtained from the decrease in the weight after drying at 1 20*'C for 2 hours and 
found to be 59.6% by weight. The obtained aqueous solution of the copolymer had a kinematic viscosity of 172 cSt at 

25 25^0 and a molecular weight of 30.300 as obtained in accordance with GPC. 

Example 19 

[0123] Into a 2 liter four-necked flask equipped with a stirrer, a condenser, an inlet for nitrogen gas. a thermometer 
30 and two dropping funnels. 200 g of ion-exchanged water was placed and the temperature was raised to SO^'C in an 
atmosphere of nitrogen gas. A solutk)n prepared by dissolving 604 g of polyoxyethylene monomethyl ether methacr- 
ylate (1^ obtained in Example 1 1 and 39 g of methacrytic acid in 400 g of ion-&cchanged water was placed In one drop- 
ping funnel anti a sdutkm prepared by cSssoMng 3 g of ammonium persulfate and 2 g of sodium methatlytsultonate in 
40 g of ion-exchanged water was placed in the other dropping funnel. Both solutkms were added into the flask dropwise 
35 at 80 to 85''C in an atmosphere of nitrogen gas over 2 hours. After the addition was completed, the reaction was allowed 
to proceed at a temperature in the same range tor 1 hour. After me reactfon was completed, the product was neutralized 
by addirig a 5N aqueous solution of sodkmn hydroxkle. After adjusting the content of water by adding ion-exchanged 
water, an aqueous solution of copolymer (P-k) was obtained. The concentratfon of the copolymer In the aqueous sdu- 
tk>n was obtamed from the decrease m the weight after drying at 120°C for 2 hours and found to be 59,2% by weight. 
40 The ot>tained aqueous solutfon of ttie copolynrier had a kinematk; viscosity of 397 cSt at 25*^0 arxf a molecular weight 
of 36.200 as obtained in accordance with GPC. 

Comparative Example 8 

46 [0124] Tlie reactfon was conducted in accordance with the same procedures as those conducted in Example 17 
except that polyoxytelhylene monomethyl ether methacrylate (gO obtained in Comparative Example 3 was used in place 
of polyoxyethylene monomethyl ether m^hacrylate (g) obtained in Example 7 and reddish brown copolymer (P-g*) was 
obtained. The obtained copolymer (P-g*) had a kinematic viscosity of 243 cSt at lOO^C and a molecular weight of 
22, 1 00 as measured in accordance with GPC. 

so 

Comparative Example 9 

[0123] The reactfon was conducted in accoidance with the same procedures as those conducted in Example 19 
except that potyoKytethytene monomethyl ether methacrylate obtained in Comparative Example 4 was used in place 
55 of polyoxyethylene monomethyl ether methacrylate (k) obtained in Example 1 1 and an aqueous solution of copolymer 
(P-k^ was obtained. The concentration of the copolymer in the aqueous solution was obtained from the decrease in the 
weight after drying at 120^C for 2 hours and fouiKl to be 59.4% by weight The obtained aqueous solution of the copol- 
ymer had a Wnematfo viscosity of 448 cSt at 25*'C and a molecular weight of 42.800 as measured In accordance with 
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QPC. 

[0126] The compositjons of the copolymers obtained in Examples 1 7 to 1 9 and Comparative Examples 8 and 9 
shown in Table 6. 



Tsiblee 





Copolymer 


Compound of formula [2] 


Copolymerizable monomer 






type 


amount (mol) 


type 


amount (mol) 


Example 17 




9 


0.54 


maleic anhydride 


0.55 


Example 18 


p-j 


j 


0.20 


acrylic acid 


0.40 


&cample 19 


p-k 


k 


0.20 


methacryBc add 


0.45 










sodium methallytsul- 


0.01 










fonate 


Cojfi|>arative Exarnpie 8 


P-g' 


g* 


0.54 


maleic ar^ride 


0.5? 


Comparative Example 9 


P-k* 


k 


0.20 


melhacryfic add 


0.45 










sodium methallylsul- 


p.pi 










fbnate 





Ex^nple 20 (Evaluation as a dispersant In a toluene system) ' 

10127] Into a 300 ml beaker, 70 g of tate (manufactured by KANTO KAGAKU Co., Ltd.; 40000-02) an^ 90 g of tpJuene 
w^r^ placed. Copplymer (P-a) obtained in Example 12 in an amount of 0.14 g was added as the dispersant and the mix- 
ture was mixed by a stirrer having blades for 3 nilmAes. 

[0128] The slurry composition prepared above was packed into a cylindrical pipe which had an inner diameter of 50 
mm, an outer diameter of 60 mm and a height of 40 mm. was made of polyvinyl chlorkle and was placed on a glass 
plate. The upper face of the pad<ed composition was made flat using a paste knife and then the cylindrical pipe was ' 
quietly removed in the upward direction, leaving the conrposition on the glass plate. Wheo ttie slurry compositipr) 
stopped fkMwing. portions of the maximLBn diameter and the minimum diameter of the deformed cprifsositipn were vis- 
ually observed and the maximum diameter and the minimum diameter were measured to the urul bf millimeter, "bie 
average of the maximum diameter and the minimum diameter was obtained and the result was expr^ed as an abso- 
lute number, the lowest digit corresponding to the unit of millimeter. This value was used as the flow vglue of the slurry 
composHion. The flow ^^ue of the composition prepared above was 155. 

Exarnpie 21 

[0129] A slun7 conrYX>sitipn w^s prepared in accordance with the same procedures as those conducted in Escample 
20 except that copolymer (P-d) (Stained in Example 14 was used in place of copolymer (P-a). The fk)w value of the 
cpriv|9sj|jon was Gd:^ine^ > 

C^qmparativ9 Example 10 

[0130] A skjnry composition was pr^wed in accordance with the same procedures as those conducted in Example 
20 except that no dispersahte were added. The f tow value <rf the composition was obtained and fqund to be 83. 

Comparative Example 1 1 

[0131] A slunry composHion was prepared in accordance with the same procedures as those condiK;ted in Exampje 
20 except that copolymer (P-aO obtained In Comparative Example 5 was used in place of copolymer (P-a). The flow 
value of the compositton was obtained and found to be 1 26. 

[0132] The results obtained in Examples 20 and 21 and Comparative Examples 10 and 1 1 are shown in TaWp 7. 
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Table? 





Copolymer 


Flow value 




type 


amount (% by weight per 
talc) 




Example 20 


P-a 


0.2 


155 


Example 21 


P-d 


0.2 


162 


Comparative Example 10 






83 


Comparative Example 1 1 


P-a' 


0.2 


126 



IS [01331 It is shown in the Fesults in Table 7 that the slurry compositions obtained in Examples 20 and 21 in which the 
copolymers of the potynr^zafcde polyoxyalkylene morroalkyl ether derivative of the present Invention were added had 
larger flow vakies and showed superior dispersion of talc. In coritrast, the slurry composition obtained in Comparative 
Example 10 m which no dispersants were added and the slurry compo^on obtained in Comparative Example 1 1 ki 
which the copolymer obtained in Comparative Example 5 was added had smaller flow values and showed inferior dis- 

20 persion of talc. 

Exanrpte 22 (Evaluation as a dispersant in a ethylene glycol monobutyl ether system] 

[01 34] Into a 300 ml beaker. 50 g of titanium oxide (manufactured by KANTO KAGAKU Co. , Ltd.) and 90 g of ethylene 
25 glycol monobutyl ether were placed. A 40% by weight aqueous solution of copolymer (P-g) obtained in Example 17 In 
an amourrt of 0.5 g was added as the dispersant and the mtxtiire was mixed by a stirrer having blades for 3 minutes to 
prepare a slurry composition. 

[013j^ The dunry composition prepared above was packed into a cylindrical pqpe which had an inner diameter of 50 
mhn/ an outer cfiameter of 60 mm and a height of 40 mm. was made of polyvfriyl cMoride and was placed on a glass 

30 plate. The upper face of the packed compositxm was made flat using a paste Hnlfe and then the cylindrk^ pipe was 
quietly removed In the upward direction, leaving the composition on the glass plate. When the slurry composition 
stopped f towing, portk)r)s of the maximum diameter and the minimum diameter of the deformed composition were vis- 
ually observed arKf the maximum diameter and the mirHmum diameter were measured to the urvt of nrudimeter. The 
average of the msodrmim diameter and the mininruim diameter ytas obtained and the result was expressed as an abso- 

35 lute number* the towesi digit corresponding to the unit of millimeter. This value was used as the flow value of the slurry 
comf30Sltion. The flow value of the compositkNn prepared above was 141. 

Example 23 

40 [0136] A slurry composRion was prepared in accordance with the same procedures as those conducted in Example 
22 except that 0.5 g of an aqueous solution of copolymer (P-j) obtained m Example 18 was used in place of 0.5 g of the 
40% by weight aqueous solution of copolymer (P-g). The ftow value of the composition was obtained and found to be 
137. 

45 Comparative Example 12 

[01371 A slunry composition was prepared in accordance with the same procedures as those conducted in Example 
22 cbccept that no cftspersante were added. The flow vakie of the composition was obtained and found to be 77. 



60 Comparative Example 13 

[0138] A slun*y composition was prepared in accordance with the same procedures as those conducted in Example 
22 accept that a 40% by weight aqueous solution of copolymer (P-g*) obtained in Comparative Example 8 was used In 
place of the 40% by w^^ aqueous solution of copotymer (P-g). The ftow value of the composition was obtained and 
55 found to be 118. 

[0139] The results obtained in Examples 22 and 23 and Comparative Exanrrples 12 and 13 are shown in Table 8. 
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Tables 





Copolymer 


Flow value 




type 


amount (% by weight per 
titanium oxide) 




Example 22 


P-g 


0.4 


141 


Example 23 


P-J 


0.4 


137 


Comparative Example 12 






77 


Comparative Example 13 


P-g' 


0.4 


118 



IQ140] It |8 shown in the results in Table 8 that the slurry compositions obtained in Examples 22 and 23 In which the 
copolymers of the polymerizaUe polyoxyalkylene monoalkyt ether derivatives of the present invention were acjWed had 
larger flow values and showed superior dispersion of titanium oxide. In contrast, the sluny composition oJbtained in 
Comparative E^ple 12 in which no dispersants were added and the sluny composftion obtained in Gbmparative 
Example 13 in which the copolymer obtained in Comparative Example 8 was added had smaller flow values and 
showed inferior dispersion of titanium oxide. 

Example 24 

[9141] Ipto a mixing bowl for mechanical mixing specified in Japanese Industrial Standard R 5201 , 600 g of an ordi- 
nary Portland cement and 1 .025 g of sand (produced at KIMITSU CHIBA-KEN; surface dried specific gravity under sat- 
urated surface-dry: 2.51; surface moisture ratio: 0.2% by weight) were placed and mixed together at a low rotatipn 
speed tor 30 seconds. Then, 225 g of an aqueous solution prepared by adding water to 2.4 g of copolymer (P-a) 
qbtafned in Example 12 and 0.1 g of a defoaming agent (manufactured by NIPPON OIL AND FAT Co.. Ltd.; DISFQAM 
CC-i 18) was added in ISseconds. The mixture was mbced together at a low rotation speed fbr 15 seconds^ then at 
a hiqh rotation speed for 2 minutes to prepare a mortar. 

10142] The flow value of the mortar prepared above was measured In accordance with the method of flow test^ 
described in Japanese Industrial Standard R 5201 and found to be 251. After the measurement of the flow value, the 
mortar was kept In a sealed container and the same measurement was conducted using this mortar 30 minutes arid 60 
minutes after tfie preparation. The flow value 30 minutes after the preparation was 234 and the flow value 60 minutes 
after the pri^aration was 182. 

Exanple 25 

[0143] In accordance with the same procedures as those conducted in Example 24 except that 4.76 g of the aqueous 
solution of copolymer (P-b) obtained in Example 13 was used In place of 2.4 g of copolymer (P-a). a mortar was pre- 
pared and the flb^ valuje of the prepared rnortar was measured. 

[0144] The flow value of the mortar was as follows: Immediately after the preparation: 268; 30 minutes after the pr«> 
aration: 265; and 60 minutes after the preparation: 210. 

Cmparative Example 14 

[Olf 5] In accordance with the same procedures as those conducted in Exanrple 24 except thist copolymer (P-aO 
obtained In Comparative Example 5 was used in place of copolymer (P-a). a mortar was prepared and the flow value 
of th^ prepared mortar was measured. 

[p|46] The flow value of the nriortar was as follows: immediately after the preparation: 154; 30 minutes after the prep- 
aration: 1 1 7; and 60 minutes after the proration: 110. 

Comparative Example 15 

[0147] In accordance with the same procedures as those conducted in Example 24 except that 4.72 g of the aqueQus 
solution of copolymer (P-b*) obtained In Comparative E)»mple 6 was used in place of 2.4 g of copolymer (P-a), a mortar 
was prepared and the flow value of the prepared mortar was measured. 

[0148] The flow value of the rnorlar was as follows: immedfately after the preparation: 1 96; 30 nwiutes after the prep- 
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aration: 183; and 60 minutes after the preparation: 143. 
Example 26 

s [014d] In accordance with the same procedures as those conducted in Example 24 except thai copolymer (P-g) 
obtained in Exarr^e 17 was used in place of copolymer (P-a). a mortar was prepared and the flow value of the pre- 
pared nrK>rtar was measured. 

[0150] The flow value of the mortar was as follows: innmedlately after the preparation: 240; 30 minutes after the prep- 
aration: 221 ; and 60 minutes after the preparation: 1 77. 

10 

Example 27 

[0151] In accordance with the same procedures as those conducted in Example 24 except that 6.0 g of the aqueous 
solution of copolymer (P-k) obtained in Example 19 was used in place of 2.4 g of copolymer (P-a), a mortar was pre- 
15 pared and the flow value of the prepared mortar was measured. 

[0152] The flow vakie of the mortar was as follows: immediately after the preparation: 229; 30 minutes after the prep- 
aration: 213; and 60 minutes after the preparatk>n: 188. 

Cornparalive Example 16 

20 

[0153] In accordartce with the same procedw'es as those conducted in Example 24 except that copolymer (P-g*) 
obtained in Conrparativ© Example 8 was used in place of copolymer (P-a), a mortar was prepared and the flow value 
of th0 prepared mortar was measured. 

[0154] The flow vabie of the mortar was as follows: immediately after the preparation: 1 96; 30 minutes after the prep- 
2S aration: 149; and 60 minutes after the preparation: 130. 

Comparative Example 17 

[0155] In accordance with the same procedures as those conducted in Example 24 except that 6.0 g of the aqueous 
30 solution of copolymer (P-k*) obtained in Comparative Example 9 was used in place of 2.4 g of copolymer (P-a), a mortar 
was prepared and the flow value of the prepared mortar was measured. 

[0156] The flow value of the mortar was as follows: immediately after tiie preparation: 141 ; 30 minutes after the prep- 
aration: 123; and 60 minutes after the preparation: 104. 

[01571 The resuHs obtanned in Examples 24 lo 27 and Comparative Examples 14 to 17 are shown m Table 9. 



Table 9 







Copolymer 


Fk)w value 


40 




type 


amount (% by 
weight per cement) 


immediately after 
preparation 


30 min. after prep- 
aration 


60 min. after prepa- 
ration 




Example 24 


P-a 


0.4 


251 


234 


182 




Example 25 


P-to 


0.4* 


268 


265 


210 


45 


Comparative Exam- 
pie 14 


P-a' 


0.4 


154 


117 


110 




Comparative Exanrv 
plelS 


P-b' 


0.4* 


196 


183 


143 


60 


Example 26 


P-9 


0.4 


240 


221 


177 




Example 27 


P-k 


0.4* 


229 


213 


188 




Comparative Exam- 
ple 16 


P-g' 


0.4 


196 


149 


130 


55 


Comparative Exam- 
ple17 


p-k* 


0.4* 


141 


123 


104 



*: The amount of the solid oomponent 
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[0158] H is shown in the resuHs in Table 9 that the mortars obtained in Examples 24 to 27 in vyhich the dispersants 
cprifaining the copolymers of the polymerizable polyoxyalkylene monoalkyi ether derivatives of the preserit invention 
were added had larger flow values immediately after the preparation, 30 minutes after the preparation and 60 rninutes 
after the preparation and showed superior dispersing properties. In contrast the mortars olDtained in Comparative 
Examples 14 to 17 in which the dispersants containing the copolymers obtained in Comparative Examples 5 to 9 were 
added had smaller flow values arxi showed inferior dispersing properties. 



Clalfns 

1 . A polyoxyalkyiene monoalkyi ether represented by formula [1]: 

R^O(AO)nH [Ij 

wlierein represents a hydrocaibon group having 1 to 18 carbon atoms. AO represents an oxyalkylene group 
hsy^ig 2 to 4 carbon atoms, n represents an average number of addition of the oxyalkylene groiip vyhich is 5 to 500. 
a plurality of AO may represent the same type of oxyalkylene group or different types of oxyalkylene grpMps and 
yvhep tie plurality of AO represent different types of oxyalkylene groups, the different types of oxyalkylene grpups 
ijriay be arranged randomly or in blocks, 

wh&'ein a chromatogram of the polyoxyalkylene monoalkyi ether obtained in accordance with gel permea- 
tion chromatography wfiich exhibits a relatfon between an intensity of a refractive index obtained fcy a differential 
refractomejter and an el.utk>n time satisfies a relation expressed tiy equation (A): 



St/So ^0.15 (^) 

wherein represents an area under a portion of the chromatogram from start of elution to an earliest elution time 
when the intensify of a refractive index has a vsiliie of U3, L representing a shortest distance b^een a greatest 
rnaximum point of tiie intensity of a refractive index and a base line, and Sq represents an area under a portion of 
pe dironretogram from start of elution to an dution time when the intensity of a refractive index has the greatest 
maximum value. 

?. A process for producing a polyoxyalkylene monoalkyi ether described in Claim 1 comprising acf usting a coritent of' 
water in a reactor, which is used in additk>n polymerization of alkylene oxkfes having 2 to 4 cartXMi atoms with addi- 
tion to a nionohydric alcohol, so as to satisfy equatto^ 

Content of water in the reactor = Wi x (Cf-Ci)/V ^10 (B) > 

wherein the content of water in ttie reactor is obtained by placing a solvent having a content of winter Ci (ppm) in an 
anrwunt VVi (g) In ttie reactor having an inner volume V (ml), stimng ttie solvent in tiie reactor to clean tiie reactor, 
removing the solvent used for ttie cleaning from the reactor and obtaining a content of water Cf (ppm) in the 
removed solvent. . . . . 

3. A polymerizable polyoxyalkylene monoalkyi ether derivative prepared by using a polyoxyall^ene monoalkyi ether 
described in Claim 1 as a raw material and represented formula [2]: 

R^O(AO)„r2 gj 

wherw represents a hydrocarbon ^oup having 1 to 18 carbon atoms, R^ represents f n iinsatujrateicl hydrocar- 
bon group having 2 to 4 cariDon atoms. AO represents an oxyall^ene groMp having 2 to 4 carbon atoins, n r^re- 
sents an average number off addition of the oxyalkylene group whfch is 5 to 500. a plurafity of AO may represent the 
same type of oxyalkylene group or different types of oxyalkylene groups and. when the plurality of AO reprw;ent 
different types of oxyall^ene groups, the different types of o^alkylene groups may be arranged randomly or in 
blocte. 



A polymerizable polyoxyalkylene monoalkyi ether derivative prepared by using a polyoxyall^ene monoalkyi ether 
described in Claim 1 as a raw material and represented by formula [3]: 

R^O(AO)nR3 I3J 
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wherein represents a hydrocarbon groi^ having 1 to 18 carbon atoms, represents acrytoyi group or nneth- 
acrytoyi group, AO represents an <»(yalkylene groip having 2 to 4 carbon atoms, n represents an average number 
bf addition of the OKyalkyiene group which is 5 to 500, a pluralrty of AO may represent the same type of <«yalkylene 
group or different types of cxxyan^yiene groups and, when the plurality of AO represertt different types of oxyalkylene 
5 ^oups, the dfff^ent types of ooqnalkylene groups may be anranged randomly or in blocks. 

5. A homopolymer which is obtained by polymerization of a polymerizable polyoxyalkytene monoalkyt ether derivative 
represented by formula [3] described in Claim 4 andi has a molecular weight of 1,000 to 300,000. 

10 6. A copolymer which is obtained by copolymerizatlon of 5 to 95% by md of a polynrterizable polyoxyall^lene 
monoallcyi ether derivalive represented by formula [2| described in Claim 3 and 95 to 5% by mol of a monomer 
copolymerizable with the polymerizable potyoxyalkytene morK>alkyl ether derh/ative and has a molecular weight of 
500 to 100,000. 

IS 7. A copolymer according to Claim 6. wherein in formula [2] representing the polymerizable polyoxyalkylene 
monoalkyt ether derivative represents an unsaturated hydrocarbon group having 3 to 4 carbon atoms and the mon- 
omer copolymerizable with the polymerizat)le polyoxyalkytene nrK)noalkyi ether derivative is an unsaturated cartxix- 
yKcadd. 

20 8. A copolymer whk:h is obtained by copolymerizatlon of 5 to 95% by nnol of a polymerizable polyoxyalkylene 
monoalkyt ether derivative represented by fontiula [3] descrfced in Claim 4 and 95 to 5% by mtii of a monomer 
copolymerizabie with the polymerizable polyoxyalkylene nrK)noatkyi ether derivative and has a molecular weight of 
50010 100.000. 

25 9. A copolymer according to Claim 8, wherein the monomer copolymerizable with the polymerizable polyoxyalkylene 
monoalkyt ether derivative represented by formula [3] is an unsaturated carboxytic acid. 

10. A dispersant comprising a copolymer described in any of Claims 6, 7, 8 and 9. 
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